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CONTENTS OVERVIEW

Historically, Integrated Device Technology has presented our product offerings entirely under
one cover. Forease of use for our customers, we have divided the products into fourseparate data
books — Logic, Specialized Memory, RISC and Static RAM.

IDT's 1991 RISC Data Book is comprised of new and revised data sheets and application notes
forthe RISC and RISC Subsystem product lines. Also included is a current, complete packaging
section for all IDT product groups. This section will be updated in each subsequent data book with
the latest available packages.

The RISC Data Book’s Table of Contents contains a listing of the products contained inthe 1991
RISC Data Book, as well as those products which are contained inthe other three data books. The
numbering scheme is slightly different from the past. The number in the bottom center of the page
denotes the section number and the sequence of the data sheet within that section, (i.e. 5.5 would
be the fifth data sheet in the fifth section). The number in the lower right hand corner is the page
number of that particular data sheet.

Integrated Device Technology, a recognized leaderin high-speed CMOS technology, produces
a broad line of products, enabling us to provide a complete CMOS solution to designers of high-
performance digital systems. Our products include industry standard devices, as well as products
with speed, lower power, package and/or architectural benefits that allow the designer to achieve
significantly improved system performance.

Use this book to find ordering information: Start with the Ordering Information chart at the
back of each data sheet or the Cross Reference Guides (in Section 1), along with the Package
QOutline Index (page 4.2), to compose the complete IDT part number. Reference data on our
Technology Capabilities and Quality Commitments are included in separate sections (2 and 3,
respectively).

Use this book to find product data: Start with the Table of Contents, organized by product
line (page 1.3), or with the Numeric Table of Contents across all product lines (page 1.4). These
indexes will direct you to the page on which the complete technical data sheet canbe found. Data
sheets may be of the following type:

ADVANCE INFORMATION — contain initial descriptions, subject to change, for products that
are in development, including features and block diagrams.

PRELIMINARY — contain descriptions for products soon to be, or recently, released to
production, including features, pinouts and block diagrams. Timing data are based on simulation
or initial characterization and are subject to change upon full characterization.

FINAL — contain minimum and maximum limits specified over the complete supply and
temperature range for full production devices. )

New products, product performance enhancements, additional package types and new product
families are being introduced frequently. Please contact your local IDT sales representative to
determine the latest device specifications, package types and product availability.
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LIFE SUPPORT POLICY

Integrated Device Technology’s products are not authorized for use as critical components in life support devices
or systems unless a specific written agreement pertaining to such intended use is executed between the manufac-
turer and an officer of IDT.

1. Life support devices or systems are devices or systems which (a) are Intended for surgical implant into the body
or (b) support or sustain life and whose fallure to perform, when properly used In accordance with instructions for
use provided in the labeling, can be reasonably expected to result In a significant Injury to the user.

2. Acritical component is any component of a life support device or system whose fallure to perform can be rea-
sonably expected to cause the fallure of the life support device or system, or to affect its safety or effectiveness.

Note: Integrated Device Technology, Inc. reserves the right to make changes to its products or specifications at any time, without notice,
in order to improve design or performance and to supply the best possible product. IDT does not assume any responsibility for use of any
circuitry described other than the circuitry embodied in an IDT product. The Company makes no representations that circuitry described
herein is free from patent infringement or other rights of third parties which may result from its use. No license is granted by implication or
otherwise under any patent, patent rights or other rights, of Integrated Device Technology, Inc.
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IDT54/74FCT273 Octal D Flip-Fiop w/Common Master Reset ........cccccevveeeneenne. 6.42
IDT54/74FCT299 8-Input Universal Shift Register w/Common Parallel /0O Pins. 6.43
IDT54/74FCT373 Non-inverting Octal Transparent LatCh..........cccevvreeveenimrcesennrereneerene e seennes 6.44
IDT54/74FCT533 Inverting Octal Transparent Latch ...........ccceiececess et e eae 6.44
IDT54/74FCT573 Non-inverting Octal Transparent Latch.. 6.44
IDT54/74FCT374 Non-inverting Octal D Flip-Flop ............. ... 6.45
IDT54/74FCT534 Inverting Octal D Flip-FIop W/3-State ...t 6.45
IDT54/74FCT574 Non-inverting Octal D Register w/3-State .........ccccoeveernninriiiiiisiieeccicccrcaes 6.45
IDT54/74FCT377 Octal D Flip-Flop w/Clock Enable : 6.46
IDT54/74FCT399 Quad Dual-Port Register ............. .. 6.47
IDT54/74FCT521 8-Bit Identity COMPArator...... .ottt e e aeaes 6.48
IDT54/74FCT543 Non-inverting Octal Latched Transceiver .................. eeeereeeeenns rerereeeaar e e reeeraeanaens 6.49
IDT54/74FCT646 Non-inverting Octal Registered Transceiver. 6.50
IDT54/74FCT821 10-Bit Non-inverting Register w/3-State .............. .. 6.51
IDT54/74FCT823 9-Bit Non-inverting Register w/Clear & 3-State .........ccceeveeeeeeenecnrnriiiieencencenneesienne 6.51
IDT54/74FCT824 9-Bit Inverting Register w/Clear & 3-State ..........cccvvmvcicnicnninmnne e 6.51
IDT54/74FCT825 8-Bit Non-inverting Register .........c..cccuue. 6.51 -
IDT54/74FCT827 10-Bit Non-inverting Buffer ... .. 6.52
IDT54/74FCT833 8-Bit Transceiver w/Parity ................... et e e bbb nas 6.53
IDT54/74FCT841 10-Bit NoN-inverting LatCh ........ivueeeiicciriinciccreeee e b sseseissesesreinenn 6.54
IDT54/74FCT843 9-Bit Non-inverting Latch ... ; ... 6.54
IDT54/74FCT844 9-Bit INVerting LatCh ......c.ccucviiiiniiiccrcc ittt 6.54
IDT54/74FCT845 8-Bit Non-inverting Latch .............cccociuid eetes ettt e e e s ittt e et e tasbentas " 6.54
|DT54/74FCT861 10-Bit Non-inverting Transceiver . 6.55
IDT54/74FCT863 9-Bit Non-inverting Transceiver ... 6.55
IDT54/74FCT864 9-Bit Inverting TransCeIVer........ccceeveverrieeirctcicecena e e —— . 6.55
|DT54/74FBT240 Inverting Octal BUer/Ling DIIVET .......cccccivivireriereneeeeeeeieseeie e e seeses e se e eseanesens 6.56
IDT54/74FBT241 Non-inverting Octal Buffer/Line Driver... 6.57
IDT54/74FBT244 Non-inverting Octal Buffer/Line Driver ... ... 6.58
IDT54/74FBT245 Non-inverting Octal TrANSCEIVET ......cevererierieeteniertrrentereseercnee s e ertressaesserresessessensnees 6.59
IDT54/74FBT373 Octal Transparent LatCh W/3-State ......c.eeverorernievieeenreriennneesree it 6.60
IDT54/74FBT374 Non-inverting Octal D Register ....... 6.61
IDT54/74FBT540 Inverting Octal Buffer.................... 6.62
IDT54/74FBT541 Non-inverting Octal Buffer .... 6.62
IDT54/74FBT821 10-Bit Non-inverting Register 6.63
IDT54/74FBT823 9-Bit Inverting Register .......cceveee.. 6.64
IDT54/74FBT827 Non-inverting 10-Bit Buffers/Driver. 6.65
IDT54/74FBT828 Inverting10-Bit Buffers/Driver ... 6.65
IDT54/74FBT841 10-Bit Non-inverting Latch .......c.coevnenviiinciisicicnnincnnens 6.66
IDT54/74FBT2240 Inverting Octal Butfer/Line Driver w/25€) Series Resistor..... 6.67
IDT54/74FBT2244 Inverting Octal Buffer/Line Driver w/25Q Series Resistor ..... 6.68
IDT54/74FBT2373 Octal Transparent Latch w/3-State & 25 Series Resistor ..... 6.69
IDT54/74FBT2827 Non-inverting 10-Bit Buffers/Driver w/25Q Series Resistor ..... 6.70
IDT54/74FBT2828 Inverting10-Bit Buffers/Driver w/25Q Series Resistor........... .. 6.70
IDT54/74FBT2841 10-Bit Memory Latch w/25Q Series ReSiStOr.........ccvvvciiniinniintiie et 6.71
APPLICATION AND TECHNICAL NOTES
Complex Logic Products Technical Notes
TN-02 Build a 20MIP Data Processing Unit .........cccocceeevmmicniiinrinienmeeecceneeeee s 71
TN-03 Using the IDT49C402A ALU.......coreiiiiiiciineecernisisnnr it erre e ses s 7.2
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Complex Loglic Products Application Notes
AN-03 Trust Your Data with A High-Speed CMOS 6-, 32- or 64-Bit EDC .........cccocvvrvirneneee 7.3
AN-06 16-Bit CMOS Slices — New Building Blocks Maintain Microcode

Compatibility Yet Increase Performance ........c.cccoveeeeereeinicnnicnceniniiiicinscnene 7.4
AN-17 FIR Filter Implementation Using FIFOs and MACS ........ccccoveveninnnnnenniiniiniinienns 75
AN-24 Designing with the IDT49C460 and IDT39C60 Error Detection and

COorreCtion UNIES .....covvmeecirerresieiei ettt ssse s st s sbe s sassanessans 7.6
AN-32 Implementation of Digital Filters Using IDT7320, IDT7210, IDT7216.. e 1.7
AN-35 Address Generator in Matrix Unit Operation Engine ..........ccocovvviiniann. e 1.8
AN-37 Designing High-Performance Systems Using the IDT PaletteDAC™ ............ccccoeu.e. 7.9
AN-63 Using the IDT75C457’s PaletteDAC™ in True Color and Monochrome

Graphics APPHCALIONS .....cccevrierereeriererinesrereseseeeeriraesmessesens e srestss s sensssssens 7.10
AN-64 Protecting Your Data with IDT's 49C465 32-Bit Flow-thruEDC™ Unit.... R AL
AN-65 Using IDT73200 or IDT73210 as Read and Write Buffers with R3000 ..................... 7.12
Standard Logic Application Notes : 7.13
AN-47 Simultaneous Switching NOISE .........c.ccoverrniiiininini s 714
AN-48 Using High-Speed LOGIC .....cccceveiiiiniririeniectcitnstc sttt ssne s esaaeene 7.15
AN-49 Characteristics of PCB Traces .......c.cocevvmniinncniinnininse s ssesssssassesie e 7.16
AN-50 Series Termination ..........ccoeeevereerreenseeenssninensessssecsessseresensens e 117
AN-51 Power Dissipation in Clock Drivers................ vee  7.18
AN-52 FCT Output Structures and CharacteristiCs .......vecuerecverienonrerirnneiniinnnesinrenecrsseennes 7.19
AN-53 Power-Down Operation ..........cccceevvecvereannes e 1.20
AN-54 FCT-T LOGIC FAMIIY ..covtirereieiiiiiiintcriiicreestessies e stesssse st sssnasessse e sae srsanssssnesarenns 7.21
Standard Logic Technical Bulletins 7.22
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SPECIALIZED MEMORIES DATA BOOK

The following is a listing of the data sheets located in the 1990-91 Specialized Memories Data Book available

under separate cover:

ECL PRODUCTS ‘ PAGE
IDT10484 4K x 4 ECL 10K SRAM (COorner POWET) ......cccoevirirmmiiinimsirisiisressnsenc s sasaenes 51
1DT100484 4K x 4 ECL 100K SRAM (Corner Power) ... 5.1
IDT101484 4K x 4 ECL 101K SRAM (Corner Power) ... 5.1
IDT10A484 4K x 4 ECL 10K SRAM (Center POWET) .......cceceeeeloeereireiieeeeereteneeenee 5.2
IDT100A484 4K x 4 ECL 100K SRAM (Center POWEN) .......coeevireereinsersecnesiensesiensesenns 5.2
IDT101A484 4K x 4 ECL 101K SRAM (Center Power) ... 52
IDT10490 64K x 1 ECL 10K SRAM..........ooveierrrinnne. 53
IDT100490 64K x 1 ECL 100K SRAM.. 53
IDT101490 64K x 1 ECL 101K SRAM.. 53
IDT10494 16K x 4 ECL 10K SRAM.... 54
IDT100494 16K x 4 ECL 100K SRAM.. 5.4
IDT101494 16K x 4 ECL 101K SRAM......ccccvninininiinne .. 54
IDT10496LL 16K x 4 Self-Timed Latch Input, Latch QULPUL ......cccocrerririree e 55
IDT100496LL 16K x 4 Self-Timed Latch Input, Latch Output .........cccceeeiieee. et eneenrese e 55
IDT101496LL 16K x 4 Self-Timed Latch Input, Latch Output ...... 55
IDT10496RL 16K x 4 Self-Timed Reg Input, Latch Output..... 5.6
IDT100496RL 16K x 4 Self-Timed Reg Input, Latch Output..... - 5.6
IDT101496RL 16K x 4 Self-Timed Reg Input, Latch Output...... 5.6
IDT10497 16K x 4 Synchronous Write, Latch Output ..... 5.7
IDT100497 16K x 4 Synchronous Write, Latch Output ..... 57
IDT101497 16K x 4 Synchronous Write, Latch Output ..... 5.7
IDT10498 . 16K x 4 Conditional Write, Latch Output .... 5.8
IDT100498 16K x 4 Conditional Write, Latch Output .... 5.8
IDT101498 16K x 4 Conditional Write, Latch Output .... 5.8
IDT10504 64K x 4 ECL 10K SRAM......ccorvvrcrennne 5.9
IDT100504 64K x 4 ECL 100K SRAM... 5.9
IDT101504 64K x 4 ECL 100K SRAM... .. 59
IDT10506LL 64K x 4 Self-Timed Latch Input, Latch Output .......cccoviiicieiciie e 5.10
IDT100506LL 64K x 4 Self-Timed Latch Input, Latch Output .. ereennnen - 5,10
IDT101506LL 64K x 4 Self-Timed Latch Input, Latch QULPUL ......ccecvvriieceiininiciiineieieeens 5.10
IDT10506RL 64K x 4 Self-Timed Reg Input, Latch Output..... 5.11
IDT100506RL 64K x 4 Self-Timed Reg Input, Latch Output..... 5.11
IDT101506RL 64K x 4 Self-Timed Reg Input, Latch Output..... 5.11
IDT10507 64K x 4 Synchronous Write, Latch Output ..... 5.12
IDT100507 16K x 4 Synchronous Write, Latch Output ..... 5.12
IDT101507 16K x 4 Synchronous Write, Latch OQUPUL ........ccceveeiriiieccenercciiin e 5.12
IDT10508 64K x 4 Conditional Write, Latch QUIPUL .........cocieeiiiieie et et 5.13
IDT100508 64K x 4 Conditional Write, Latch Output .... 5.13
IDT101508 64K x 4 Conditional Write, Latch Output .... 5.13
IDT10509 32K x9 ECL 10K SRAM......cervirrereeeaeee 5.14
IDT100509 32K x 9 ECL 100K SRAM 5.14
IDT101509 32K x 9 ECL 101K SRAM 5.14
FIFO PRODUCTS
IDT7200 256 X 9-Bit PArallel FIFO ...cccoveieuiirreisniseeseserseceenisessessesestesneisiiessesssssssessesnssesnn 6.1
IDT7201 512 x 9-Bit Parallel FIFO ....cc...ooiiiieieee ittt st 6.1
IDT7202 1024 x 9-Bit Parallel FIFO .. 6.2
IDT7203 2K x 9-Bit Parallel FIFO....... 6.3
IDT7204 4K x 9-Bit Parallel FIFO .. 6.3
IDT7205 8K x 9-Bit Parallel FIFO....... ... 64
IDT7206 16K X 9-Bit PArallel FIFO .....ccovviivireireeieininreeeresecern ettt sanis et s easennens 6.5
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FIFO PRODUCTS (CONTINUED)
IDT72021 1K x 9-Bit Parallel FIFO w/ Flags and Output Enable ........ccccecvvvviincnnncnene 6.6
IDT72031 2K x 9-Bit Parallel FIFO w/Flags and Output Enable 6.6
IDT72041 4K x 9-Bit Parallel FIFO w/Flags and Output Enable 6.6
IDT72103 2K x 9-Bit Configurable Parallel-Serial FIFO .........cccccveiimicicciniiccnnin 6.7
IDT72104 . 4K x 9-Bit Configurable Parallel-Serial FIFO ... : 6.7
IDT72105 256 x 16-Bit Parallel-to-Serial FIFO.............. 6.8
IDT72115 512 x 16-Bit Parallel-to-Serial FIFO... 6.8
IDT72125 1024 x 16-Bit Parallel-to-Serial FIFO ..... 6.8
IDT72131 2048 x 9-Bit Parallel-to-Serial FIFO....... 6.9
IDT72141 4096 x 9-Bit Parallel-to-Serial FIFO....... 6.9
IDT72132 2048 x 9-Bit Serial-to-Parallel FIFO....... 6.10
IDT72142 4096 x 9-Bit Serial-to-Parallel FIFO.....c.....cvevceiverereereeseneennennae 6.10
IDT72200 256 x 8-Bit Parallel SyncFIFO™ (Clocked FIFQ) ...ccccoevevreeeienns 6.11
IDT72210 512 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO) ... 6.11
IDT72420 64 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO)..... 6.11
IDT72201 256 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) ... 6.12
IDT72211 512 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) ........c.c.c.... enreteersoresnesssases 6.12
IDT72421 . 64 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) ....ccceceveivinirinnininneciresnnies 6.12
IDT72215A 512 x 18-Bit Parallel SyncFIFO™ (Clocked FIFO) ..... , 6.13
IDT72225A 1024 x 18-Bit Parallel SyncFIFO™ (Clocked FIFO) ... 6.13
IDT72220 . 1K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO)..... 6.14
IDT72230 2K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO).. 6.14
IDT72240 . 4K x 8-Bit Paraliel SyncFIFO™ (Clocked FIFO).. 6.14
IDT72221 1K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO).. 6.15
IDT72231 2K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO).. 6.15
IDT72241 4K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)..... 6.15
IDT72235 2K x 18-Bit Parallel SyncFIFO™ (Clocked FIFO)... 6.16
IDT72245 4K x 18-Bit Parallel SyncFIFO™ (Clocked FIFO)... 6.16
IDT72401 64 X 4 FIFO....coiiiierereceeeerneeeceineeneetevesesseneseneseenes 6.17
IDT72402 64 X5 FIFO....ccovveerrcreeiecreeereens 6.17
IDT72403 64 x 4 FIFO (W/Output ENable) .......c...coeuimrmriineniirnceniiceeiscereeestese e 6.17
IDT72404 64 x 5 FIFO (w/Output Enable)...........cccviivinnnenniecnnie e 6.17
IDT72413 64 x 5 FIFO (W/Flags) .....cocooureenrenene 6.18
IDT7251 512 x 18-Bit — 1K x 9-Bit BiFIFO... 6.19
IDT7252 1K x 18-Bit — 2K x 9-Bit BiFIFO ....... 6.19
IDT72510 512 x 18-Bit — 1K x 9-Bit BiFIFO....... 6.19
IDT72520 1K x 18-Bit — 2K X 9-Bit BiFIFO ....cccoveveeiiririicrrsesbvnreeseieisieereeens 6.19
IDT72511 . 512 x 18-Bit BiFIFO ....coeceevrrvernene . . 6.20
IDT72521 AKX 18-Bit BIFIF Q..o sinsiisnesssnsnesessensesnsssessesesssssenes 6.20
IDT72605 256 x 18-Bit Synchronous BiFIFO (SyncBlFIFOTM) ........................... 6.21
IDT72615 512 x 18-Bit Synchronous BiFIFO (SyncBiFIFO™)........cccecvvmivnninivecernnnne -6.21
SPECIALTY MEMORY PRODUCTS '
IDT7130 . 8K (1K x 8) Dual-Port RAM (MASTER) .... 71
IDT7140 8K (1K x 8) Dual-Port RAM (SLAVE) ....... 71
IDT7030 8K (1K x 8) Dual-Port RAM (MASTER) . 7.2
IDT7040 8K (1K x 8) Dual-Port RAM (SLAVE) ....... 7.2
IDT7010 9K (1K x 9) Dual-Port RAM (MASTER) .... 7.3
IDT70104 9K (1K x 9) Dual-Port RAM (SLAVE) ........c.cccoeveerenes 7.3
IDT70101 - 9K (1K x 9) Dual-Port RAM (MASTER w/Interrupts) .. 74
IDT70105 9K (1K x 9) Dual-Port RAM (SLAVE w/Interrupts)...... 7.4
IDT7132 16K (2K x 8) Dual-Port RAM (MASTER) .....cccocoovnicninmicminiiniiineens RSN 75
IDT7142 16K (2K x 8) Dual-Port RAM (SLAVE) ......ccooviivuriinriccinticecncne e 75
IDT7032° - 16K (2K x 8) Dual-Port RAM (MASTER) .......c.coccenmrirruincnnan rrerereeeentenrenes 7.6
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SPECIALTY MEMORY PRODUCTS (CONTINUED)

IDT7042 16K (2K x 8) Dual-Port RAM (SLAVE) .......ooeteeeececieeie ettt ett e ete e
IDT71321 16K (2K x 8) Dual-Port RAM (MASTER w/Interrupts) ..
IDT71421 16K (2K x 8) Dual-Port RAM (SLAVE W/INEEITUPLS) ..cvvvervsieseereneeeesecraanresraesaenes

IDT7012 18K (2K x 9) DUAl-POMt RAM ......ooiiiiiiiinciestenee sttt esne e eeesessesaene e

IDT70121 18K (2K x 9) Dual-Port RAM (MASTER w/Interrupts) ..

IDT70125 18K (2K x 9) Dual-Port RAM (SLAVE W/INtEIMUPLS) ....c.eceerermerirneciensarensnenrens

IDT7133 32K (2K x 16) Dual-Port RAM (MASTER)

IDT7143 32K (2K x 16) Dual-Port RAM (SLAVE) .....

IDT7133SA/LA 32K (2K x 16) Dual-Port RAM (MASTER) ..

IDT7143SA/LA 32K (2K x 16) Dual-Port RAM (SLAVE) .....

IDT7134 32K (4K x 8) Dual-Port RAM ...................
IDT7134SA/LA 32K (4K X 8) DUGI-PO RAM ....ocoeeieiecieenirieeniesnseeseesssssnennsenesessessessnessessessensesans
IDT71342 32K (4K x 8) Dual-Port RAM (W/SemMaphores) ........ccuvveeereererererienreniersesseesressesenssenses
IDT71342SA/LA 32K (4K x 8) Dual-Port RAM (w/Semaphores) .. :
IDT7014 32K (4K x 9) Dual-Port RAM ........cccovvrvrveciennnns

IDT7024 64K (4K x 16) Dual-Port RAM ...

IDT7005 64K (8K x 8) Dual-Port RAM .....

IDT7025 128K (8K x 16) Dual-Port RAM ....

IDT7006 128K (16K x 8) Dual-Port RAM ...

IDT7050 8K (1K x 8) FourPort™ RAM ........

IDT7052 16K (2K x 8) FourPort™ RAM ....................
IDT71502 64K (4K x 16) Registered RAM (W/SPC™ ) ...t eree e e e anees
SUBSYSTEMS PRODUCTS

MULTI-PORT MODULES '

IDT7M134 8K x 8 Master Dual-Port SRAM MOQUIE .........ccecrerreireirireenreeneeee et iee e eaesae e sranaes 8.1
IDT7M144 8K x 8 Slave Dual-Port SRAM Module ....... 8.2
IDT7M135 16K x 8 Master Dual-Port SRAM Module ... .. 841
IDT7M145 16K x 8 Slave Dual-Port SRAM MOAUIE .......coeeereeiireererceeceeeeeeee e 8.2
IDT7M137 32K x 8 Master Dual-Port SRAM MOQUIE .......c.eeeeeeeieeeeeeee et - 8.3
IDT7M1003 64K x 8 Dual-Port SRAM Module ............ .. 8.4
IDT7M1001 128K x 8 Dual-Port SRAM Module ... .. 84
IDT7M1004 8K x 9 Dual-Port SRAM Module ....... .. 85
IDT7M1005 16K X 9 DUal-Port SRAM MOGUIE ........cocerveeriveererenieeeirssteeeseseesesreessesseesesseessassens 8.5
IDT7MB6056 32K x 16 Dual-Port (Shared Memory) SRAM ModUule ..........cccoevevereecnecmcecerincrernenenenns 8.6
IDT7MB1008 32K x 16 Dual-Port SRAM Module..........cccceevevevcrrnenene .. 87
IDT7MB1006 64K x 16 Dual-Port SRAM Module.........cccceeveeveeeerrenne. .. 87
IDT7MB6046 64K x 16 Dual-Port (Shared Memory) SRAM Module ...... .. 86
IDT7MB6036 128K x 16 Dual-Port (Shared Memory) SRAM Module..... .. 86
IDT7MB6156 32K x 18 Dual-Port (Shared Memory) SRAM Module....... .. 88
IDT7MB6146 64K x 18 Dual-Port {Shared Memory) SRAM Module ...... .. 88
IDT7MB6136 128K x 18 Dual-Port (Shared Memory) SRAM Module .. 88
IDT7M1002 16K x 32 Dual-Port SRAM MOGUIE .....coeecreieeecceieieirerersreesoee s b s steeseeeessne e sanassnns - 8.9
IDT7MB1041 8K x 8 FOUrPort™ SRAM MOGUIE.......ccceeveeeeerereecreeerreeeseeaeste s eraesrstesaesenesessseseannas 8.10
IDT7MB1042 4K x 8 FourPort™ SRAM MOGUIE........coeeieeeeecteeeecvte e cre e seeee et s ae s saesesenes 8.10
IDT7MB1043 4K x 16 FourPort™ SRAM MOUIE.........ccocieiiiieeeciniicie et creenie e srrsesecsssessanasasssnes 8.11
IDT7MB1044 2K x 16 FourPort™ SRAM MOAUIE..........ooeeeeeeeeeeeeee et e e scnnene e ennr e sanes 8.11
FIFO MODULES

IDT7M205 8K x 9-Bit CMOS FIFO MOQUIE .......ccoeiiiiiciineecenreecne e s sean s sensonessaessensasesaness 8.12
IDT7MP2005 8K x 9-Bit FIFO Module ........cccou.... .. 8.13
IDT7M206 16K X 9-Bit CMOS FIFO MOUIE ....ocuveeeeiiiiririceseeseneere sttt csesere s snnssrnsnseen 8.12
IDT7MP2011 16K X 9 Bit FIFO MOGUIE ...ttt secete st et e ssssssssasaessa e sesnasnen 8.13
IDT7M207 32K x 9-Bit CMOS FIFO MOUIE ...ceeererreieerierence et cecer et saaecns st sane e 8.14
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FIFO MODULES (CONTINUED)

IDT7MP2010 16K X 18-Bit FIFO MOUIE .......coveirrririieicncsiesisictnsiss et neseen e rasesnsssonenenes 8.15
IDT7MP2009 32K X 18-Bit FIFO MOUIE ....c.coevieriiriniininecnessnnnesesearesaesesseesressessiuestonsereseenenesnssesans 8.15
SRAM MODULES
IDT7MC4001 1M x 1 CMOS Static RAM MOGUIE ......cvevivieireiiinienrensere st leneer st seseesensane 8.16
IDT7M4042 256K x 4 CMOS Static RAM MOAUIE .......coieeiierirnrieienienesees et st eeeeeesennneene 8.17
IDT7M812 64K x 8 CMOS Static RAM MOGUIE ......cceviecrivrrmecreseseesessesseseesssenernsnnsssssssesesersensens 8.18
IDT8M824S 128K x 8 CMOS Static RAM MOQUIE ........ccerererrerereerneeeerereneeenessneresessesesseseesesaene 8.19
IDT8MP824S 128K x 8 CMOS Static RAM MOGUIE ........ccueeceireerenrerietee e e e e e seseneeseene 8.20
IDT8MP824L 128K x 8 CMOS Static RAM MOGUIE ........ccoceeeiereeerercennrrreerreriessesre et eseesnesesseseene 8.21
IDT7MP4034 256K x 8 CMOS Static RAM MOAUIE ........ceecevrvereernenccninieseeeieieenseeseseeeeesenesenes 8.22
IDT7M4048 512K x 8 CMOS Static RAM MOUIE .......c.cceeeermrnrenrenieesisesesece e sceenne e seneseesesnes 8.23
IDT7MB4048 512K x 8 CMOS Static RAM MOUIE .......cooceeeeimniecrerenrennreeiceeenectsiseenennreseeeseanes 8.23
IDT7MP4008S 512K x 8 CMOS Static RAM MOAUIE .......ccooveecrerreneirerreiieiee e reneeenennes 8.24
IDT7MP4058L 512K x 8 CMOS Static RAM MOUIE ........ccceeererrenereerenaneece et se e eseeeneeesesens 8.25
IDT7M912 64K x 9 CMOS Static RAM MOdUIE ........eeeecerrerreeeenerieeeeeeeeee s sreneses 8.18
IDT7MB4040 256K x 9 CMOS Static RAM MOGUIE ........coveeceirererererreniineeeeeeiesiesieseeseeresesseessens 8.26
IDT7MC4005 16K x 16 CMOS Static RAM MOGUIE .......vcveeceiriencinennneeeeecetnet e see e 8.27
IDT7MB4009 2(16K x 16) CMOS Static RAM MOdUIE ........covveireriedirneniereeeeceereiesee e reeeeneenes 8.28
IDT8M612 32K x 16 CMOS Static RAM MOAUIE .........cceeermreeeerenieircreecmenneesene s esesessenerseseses 8.29
IDT8MP612S 32K x 16 CMOS Static RAM MOAUIE ........ccccevirmeciieniniiisisiniereeienensesssesesesessonesens 8.30
IDT8MP612L 32K x 16 CMOS Static RAM MOGQUIE ........cccererrereeerirreeseserresee s seestnecnenesensenas 8.31
IDT7M624 64K x 16 CMOS Static RAM MOQUIE ........c.ccerererreceneeceriistesereeieennsessesesseseesenesenns 8.32
IDT8M624 64K x 16 CMOS Static RAM MOAUIE .........coeriveirrreneeneniiisreiesenieie e ssesesseseesesssenes 8.29
IDT8MP624S 64K x 16 CMOS Static RAM MOUIE .......cc.coveeiereeriereeireere et se e e 8.30
IDT8MP624L 64K x 16 CMOS Static RAM MOdUIE .........ccoceiererrnriinrieeniene et cstssestsieassenns 8.31
IDT7M4016 256K x 16 CMOS Static RAM MOQUIE .........occeverenteneerrriertnreeeiensieesis e s seeereeneenes 8.33
IDT7MP4047 512K x 16 CMOS Static RAM MOAUIE .......eeeeeeireeierirceeresice e e nes 8.34
IDT7MC4032 16K x 32 CMOS Static RAM Module w/Separate Data /O .........c.coccoerienciiinnienenne 8.35
IDT7MP4031 16K x 32 CMOS Static RAM ModUIE ........cirieinimiiriccenmicnerciene s 8.36
IDT7M4003 32K x 32 CMOS Static RAM MOQUIE ..........covveeererreerree et see e 8.37
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CEMOS STATIC RAMS WITH POWER DOWN
IDT6116 2K X B With POWEI-DOWIN .......corimrrrreieeerecreescrnesesseettnsese e s e e e sesstesesesesnseseensenens 5.1
IDT61298 64K x 4 with Output Enable and Power-Down . 5.2
IDT6167 16K x 1 with Power-Down ............cccccecvvevruennee 53
IDT6168 4K x 4 with Power-Down ...... 54
IDT6178 4K x 4 Cache-Tag with-Power-Down............. 55
IDT61970 4K x 4 with Oiutput Enable and Power-Down... 5.6
IDT6198 16K x 4 with Output Enable and Power-Down . 57
IDT71024 128K x 8 with Power-Down ..........ccccceerveerruennn 5.8
IDT71028 256K x 4 with Power-Down ..... 5.9
IDT71256 32K x 8 with Power-Down .... 5.10
IDT71258 64K x 4 with Power-Down .... 5.11
IDT71259 32K x 9 with Power-Down .........cccoceevcurerenne ... 5.2
IDT71281 64K x 4 with Separate /O and POWEr-DOWN ........cccocvirinineneicinennieicecc et seeees 5.13
IDT71282 64K x 4 with Separate /0 and POWer-DOwn ... ieans 5.13
IDT71569 8K x 9 with Address Latch and Power-Down ....... 5.14
IDT71586 4K x 16 with Address Latch and Power-Down ..... 5.15
IDT71589 32K x 9 Burst Mode with Power-Down ............. 5.16
IDT7164 8K x 8 with Power-Down .........c.cccceunnene 5.17
IDT7165 8K x 8 Resettable Power-Down.............. 5.18
IDT71681 4K x 4 Separate I/0 and Power-Down ... 5.19
IDT71682 4K x 4 Separate I/0 and Power-Down ... 5.19
IDT7169 8K x 9 with Power-Down ............ccceeee. 5.20
IDT7174 8K x 8 Cache-Tag with Power-Down...... 5.21
IDT7187 64K x 1 with Power-Down .................. 5.22
IDT7188 16K X 4 with Power-Down .........cccceevieeevcrnenncncnnene 5.23
IDT7198 16K x 4 with Output Enable, 2 CS and Power-Down .. ... 5.24
IDT71981 16K x 4 with Separate /O and POWEr-DOWN ...........ccooeveiirrcvenierineeienreeesee e 5.25
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IDT61B298 64K x 4 BICEMOS with Output ENable.........cccoeevnvivinenniicreninieneriiisiresssesesneesesnens 6.1
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IDT71B024 128K x 8 BICEMOS .........covverreereeene 6.3
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IDT71B98 16K x 4 BICEMOS with Output Enable, 2 CS.......ccoiviveiiiiiiinenenicnnes 6.18
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54/74FCT823T . 9-Bit Non-inverting Register w/Clear & 3-State ........ccovmicnnininicneinnennns LOGIC
54/74FCT824 9-Bit Inverting Register w/Clear & 3-State ............cocoenmrniiinnnncnencnies LOGIC
54/74FCT825 8-Bit Non-inverting REGISEr ......cccccvivivicniniiiicin e LOGIC
54/74FCT825T 8-Bit Non-inverting Register w/Clear & 3-State .........c..coovivccininiiiiinnnnnns LOGIC
54/74FCT827 10-Bit Non-inverting BUfEr .............coovieeieiiesne s ~ LOGIC
54/74FCT827T 10-Bit Non-inverting BUfer ...t LOGIC
54/74FCT828T 10-Bit Inverting Buffer.................... eerermeereestereatesaaetanerraeesaenenetssuas eebesresbes LOGIC
54/74FCT833 8-Bit TransCeIVEr W/PAMY .....c.coceeeriiienteeerererereeee et sressnesaese s LOGIC
54/74FCT841 10-Bit Non-inverting Lateh ........ceceeiieeniciiniiiicensic ettt LOGIC
54/74FCT841T 10-Bit Non-inverting LatChi .........ccevcriiinsiiniiiiinecienie e e e LOGIC
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54/74FCT843 9-Bit Non-inverting Latch ..... LOGIC
54/74FCT843T 9-Bit Non-inverting Latch ..... LOGIC
54/74FCT844 9-Bit Inverting Latch............. LOGIC
54/74FCT845 8-Bit Non-inverting Latch ..... ... LOGIC
54/74FCT845T 8-Bit Non-inverting LatCh ........cccocvireceinmnnniennenenncniecii e sessessensencane LOGIC
54/74FCT861 10-Bit Non-inverting Transceiver .... e eraenaene LOGIC
54/74FCT863 9-Bit Non-inverting Transceiver ...... LOGIC
54/74FCT864 - 9-Bit Inverting Transceiver .......... LOGIC
6116 2K x 8 with Power-Down ........ccccconinvinennecnienns SRAM
61298 64K x 4 with Output Enable and Power-Down .... SRAM
6167 16K x 1 with Power-Down..........ccccocvnrvernenens SRAM
6168 4K x 4 with Power-Down ................... SRAM
6178 4K x 4 Cache-Tag with Power-Down................ ... SRAM
61970 4K x 4 with Oiutput Enable and POWer-DOWN .......c.cc.cocoviecncncercnenessensenns SRAM
6198 16K x 4 with Output Enable and Power-Down ... SRAM
61B298 64K x 4 BICEMOS with Output Enable............. SRAM
61B98 16K x 4 BICEMOS with Qutput Enable...... SRAM
7005 64K (8K x 8) Dual-Port RAM ................. SMP
7006 128K (16K x 8) Dual-Port RAM .......... SMP
7010 9K (1K x 9) Dual-Port RAM (MASTER) .....ccoocoeeueinne SMP
70101 9K (1K x 9) Dual-Port RAM (MASTER w/interrupts) .. SMP:
70104 9K (1K x 9) Dual-Port RAM (SLAVE) ......cc.coooerurmenn. SMP
70105 9K (1K x 9) Dual-Port RAM (SLAVE w/Interrupts) .. SMP
7012 18K (2K x 9) Dual-Port RAM ......cccivvtinciiieirceccncninne SMP
70121 ‘18K (2K x 9) Dual-Port RAM (MASTER w/interrupts) ... SMP
70125 18K (2K x 9) Dual-Port RAM (SLAVE w/lInterrupts)........ SMP
7014 32K (4K x 9) Dual-Port RAM ........ccovveciviniennncnnnns ... SMP
7024 64K (4K x 16) Dual-Port RAM ................. ettt ettt e bea e re e ae s s sbennne SMP
7025 128K (8K x 16) Dual-Port RAM ..........cccoiiiiininriinecen e SMP
7030 8K (1K x 8) Dual-Port RAM (MASTER) ........ ... SMP
7032 16K (2K x 8) Dual-Port RAM (MASTER) .. SMP
7040 8K (1K x 8) Dual-Port RAM (SLAVE) ....... SMP
7042 16K (2K x 8) Dual-Port RAM (SLAVE) ..... SMP
7050 8K (1K x 8) FourPort™ RAM ................. SMP
7052 16K (2K x 8) FourPort™ RAM . SMP
71024 - 128K x 8 with Power-Down...... ... SRAM
71028 256K X 4 With POWEr-DOWN .......ooiiiiiiieciiiiinee et SRAM
71256 - 32K X 8 With POWEr-DOWN ...ttt sraes SRAM
71258 64K x 4 with Power-Down... SRAM
71259 32K x 9 with Power-Down..........cccoeieieenenenns SRAM
71281 64K x 4 with Separate I/0 and Power-Down ... SRAM
71282 64K x 4 with Separate I/0 and Power-Down ... SRAM
7130 8K (1K x 8) Dual-Port RAM (MASTER) ........... SMP
7132 16K (2K x 8) Dual-Port RAM (MASTER) ......c.ccccuruenenee. SMP
71321 16K (2K x 8) Dual-Port RAM (MASTER w/Interrupts) ... ... SMP
7133 32K (2K x 16) Dual-Port RAM (MASTER) ....c.ccoverenrniiniiiisncsnesesinenens SMP
7133SA/LA 32K (2K x 16) Dual-Port RAM (MASTER) ......cccovvienineriincnrccrccecncnenenens SMP
7134 32K (4K x 8) Dual-Port RAM ........ccccccvvreninins ' ... SMP
71342 32K (4K x 8) Dual-Port RAM (w/Semaphores) .... SMP
71342SA/LA 32K (4K x 8) Dual-Port RAM (w/Semaphores) .... SMP
7134SA/LA 32K (4K x 8) Dual-Port RAM ............. SMP
7140 8K (1K x 8) Dual-Port RAM (SLAVE) .... SMP
7142 16K (2K x 8) Dual-Port RAM (SLAVE) .......cccoeceue. ... SMP
71421 16K (2K x 8) Dual-Port RAM (SLAVE W/INterrupts) ........cccceveieennrenevunnnrenennns SMP
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7143
7143SA/LA
71502
71569
71586
71589
7164
7165
71681
71682
7169
7174
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7188
7198
71981
71982
718024
718028
71B221
71B222
71B229
718256
71B258
71B556
71B569
71B64
71B65
71B69
71B74
71B79
71B88
71B98
7200
7201
7202
72021
7203
72031
7204
72041
7205
7206
72103
72104
72105
7210L
72115
72125
72131
72132
72141
72142
7216L

PAGE
32K (2K x 16) Dual-Port RAM (SLAVE) SMP
32K (2K x 16) Dual-Port RAM (SLAVE) SMP
64K (4K x 16) Registered RAM (W/SPC™) .....covvevueevirercrceneeeenereereensenes SMP
8K x 9 with Address Latch and Power-Down ............ccccecvvvveveicecneeiiieneennns SRAM
4K x 16 with Address Latch and POWer-DOWN ...........ceeeerivivnrenrensenneninenenne SRAM
32K x 9 Burst Mode with POWEr-DOWI ........coceevrenrieniincesinenieneeeesesenessenineens SRAM
8K X 8 With POWEI-DOWN ......cevirirreririecernernrensensenenessnesnosessessasssecssnnenessanens SRAM
8K x 8 Resettable POWEr-DOWN........c.ccvevenriienreenneenierenrensenessssenesesssssnsrense SRAM
4K x 4 Separate 1/0 and POWEr-DOWN .........cccerveeviecrereeniriersrineeeeseeresnnsesnees SRAM
4K x 4 Separate 1/0 and Power-Down ..........ccecevceenens w... SRAM
8K x 9 with Power-Down ..........cocceveveecnenneienae reeerr et saanene SRAM
8K x 8 Cache-Tag with POWET-DOWN .....cc.ecunermieernennreneereesinsnasessesncsssessassns SRAM
B4K X 1 With POWEI-DOWN......eevieerieteneraieeteinesserenesessassse e raensasessassessesensasns SRAM
16K X 4 with POWEr-DOWN........ccevvrvereeirerrersseemeneeens ... SRAM
16K x 4 with Output Enable, 2 CS and Power-Down ............ccccevvincrcnnninen SRAM
16K x 4 with Separate I/O and Power-Down ..........cccccvirencniiniccnrennenne. SRAM
16K x 4 with Separate 1/0 and Power-Down .. ... SRAM
128K X 8 BICEMOS .......eoieceeeceteeetreee et esee e e sne et sne e e e sesen e e s e srenes SRAM
256K X 4 BICEMOS .........oooeeiireerreeereereresessesesnnes s e e s e s enses e e e ssessnsssans SRAM
4K x 18 x 2 BiICEMOS with Self-Timed Latch and Power-Down ................... SRAM
4K x 18 x 2 BICEMOS with Dual Address Latches and Power-Down ........... SRAM
16K x 9 x 2 BICEMOS Cache RAM .........ovoveveecerreecreeseceee et e SRAM
32K X B BICEMOS .......ooeeeerereiiiseerereenennresresseesee s eaeeenessessessaeesensnnessssesnens SRAM
64K x 4 BICEMOS. ..........cvevvereerrerenen. . ...  SRAM
32K x 8 BiCEMOS with Address Latch. rereeee e aaea SRAM
8K x 9 BICEMOS with Address Latch...... ceeeerrreeseranesneeeettersateaeraeaerarennean SRAM
BK X8 BICEMOS .......cooteeeieceeereeteereeste e sesneres e seesssae s e s sssessesn e esansennnas SRAM
8K x 8 BICEMOS Reseftable .........cccoueeeeeecieeieeieeeceeeestme et ve e SRAM
BK XD BICEMOS ...ttt tete st sve e esaesa e e sreseensesaessasse s e sanssaesessens SRAM
8K x 8 BICEMOS Cache-Tag .... SRAM
8K x 9 BICEMOS Cache-Tag .... e . SRAM
16K X 4 BICEMOS ...ttt svsser e sne st et s e e s ean s e ense s e snssannns SRAM
16K x 4 BICEMOS with Output Enable, 2 CS......ccoevevececereeece e SRAM
256 x 9-Bit Parallel FIFO .........ccoceevevvieveennnens SMP
512 x 9-Bit Parallel FIFO .......... SMP
1024 x 9-Bit Parallel FIFO SMP
1K x 9-Bit Parallel FIFO w/ Flags and Output Enable .........c.cecceceeinecrnnvennene SMP

2K X 9-Bit Parallel FIFQ ......couvveiieereeeieseiereeesenmseesnesesesesesenesssnsasesasesesssnes SMP
2K x 9-Bit Parallel FIFO w/Flags and Output Enable ........c...ccooeveevceeeccnnenees SMP
4K x 9-Bit Parallel FIFO ........cccviivieerreerennrersssesrenseenseseesessessessrsesseseessensene SMP
4K x 9-Bit Parallel FIFO w/Flags and Output Enable .........c..cccecevvvverrennnnnn, SMP
8K x 9-Bit Parallel FIFO ........occcivinierererieereeresrenneereeseceeneennsesaeeeeeesseessennens SMP
16K X 9-Bit PArallel FIFO ........cccvuurreeeeeenrnivireieesiseessesessesesesesesesssssesssesesansens SMP
2K x 9-Bit Configurable Parallel-Serial FIFO ............ e SMP
4K x 9-Bit Configurable Parallel-Serial FIFO .......covuieirnereninnecrneccenennseens SMP
256 x 16-Bit Parallel-to-Serial FIFO.......coevviveveenirecricce e eseeee e SMP
16 x 16 Parallel Multiplier-ACCUMUIALOT .........vevviriineecstetns e LOGIC
512 x 16-Bit Parallel-to-Serial FIFO......c.cceievioninmnnicnctiennnniessieascesesenns SMP
1024 x 16-Bit Parallel-to-Serial FIFO ....ccuvovveieiiiiiiriieeeeen et SMP
2048 x 9-Bit Parallel-to-Serial FIFO.......cccovimiinininmiiineesenssesssiisess SMP
2048 x 9-Bit Serial-to-Parallel FIFO.......coceiivveeiriieneeeererieeesissesseseensnnsenes SMP
4096 x 9-Bit Parallel-to-Serial FIFO......c.coecviveverinrrrieceecriisecerereeeeseenens SMP
4096 x 9-Bit Serial-to-Parallel FIFO........cocivviveiiereceienecereeise e SMP
16 x 16 Parallel MURIPIEr ..ot LOGIC
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72171
72200
72201
72210
72211
72215A
72220
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72225A
72230
72231
72235
72240
72241
72245
72401
72402
72403
72404
72413
72420
72421
7251
72510
72511
7252
72520
72521
72605
72615
73200L
73200L
73201L
73201L
73210
73210
73211
73211
7381L
7383L
75C457
75C458
75C48
75C58
79R3000A
79R3001
79R3010A
79R3020
79R3051
79R3500
79R3720
79R3721
79R3722
79R4000

-~ Fast CMOS Octal Register Transceiver with Parity

16 x 16 Parallel Multiplier (32 Bit QUIPUL) ........coeveivreecenirictiiecreesissercee e
256 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO) ...
256 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) ...
512 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO) .......ccccceninieniceiionnnns s
512 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) ......ccoevnceeinnrinccnervunnnnnes
512 x 18-Bit Parallel SyncFIFO™ (Clocked FIFO) ....
1K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO).....
1K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)........
1024 x 18-Bit Parallel SyncFIFO™ (Clocked FIFO) ......
2K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO)........
2K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO).....
2K x 18-Bit Parallel SyncFIFO™ (Clocked FIFO) ...
4K x 8-Bit Parallel SyncFIFO™ (Clocked FIFQ) ......c.coecveimicnenecrnsiercninnns
4K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) ......cccccvemiciemneccicncirincrnnnns
4K x 18-Bit Parallel SyncFIFO™ (Clocked FIFO)...
B4 X4 FIFO ..ottt ese s enen e i

64 x 4 FIFO (W/OUutput ENAbI) .........oceeerirrrer et
64 x 5 FIFO (W/OUtput ENABIE) c.evveveereiectiriecreiiritt ettt eeene
64 x5 FIFO (W/FIAgS) «.coceerevemririirerisiscsseneenns
64 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO) .....
64 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) .....
512 x 18-Bit — 1K x 9-Bit BiFIFO ...... .

512 x 18-Bit — 1K x 9-Bit BiFIFO ......

512 x 18-Bit BIFIFO .....ccccoereuruene.
1K x 18-Bit — 2K x 9-Bit BiFIFO ...
1K x 18-Bit — 2K X 9-Bit BiFIFO ....cc.ociveeciririereeeerce e seenes
TK X 18-Bit BIFIFO .....cuiiiieieeeeeeireericr e cetstis bt aseeas
256 x 18-Bit Synchronous BiFIFO (SyncBiFIFO™) ...
512 x 18-Bit Synchronous BiFIFO (SyncBiFIFO™)...
16-Bit CMOS Multtilevel Pipeline Register .................
16-Bit CMOS Multtilevel Pipeline Registers..
16-Bit CMOS Multilevel Pipeline Register ...
16-Bit CMOS Multilevel Pipeline Registers..
Fast Octal Register Transceiver w/Parity ...............
Fast CMOS Octal Register Transceiver with Parity ........cc.cccccoecerneievreninnnes
Fast Octal Register Transceiver W/PATLY .........ccccereeceneremnniniceceeeecrcenecnens

16-Bit CMOS Cascadable ALU .........cccoeeverreeennenene

16-Bit CMOS Cascadable ALU ........ccveevrinicnnccneevenmeensecnns
CMOS Single 8-Bit PaletteDAC™ for True Color Applications....
Triple 8-Bit PaletteDAC™ ...t
8-Bit Flash ADC .......cocceovevirenveiniiceiiinne
8-Bit Flash ADC with Overflow Output .
RISC CPU Processor ............coccreeereenins
RISController™ ..........ocoeoeveevrververenenes
RISC Floating Point Accelerator (FPA) .
RISC CPU Write BUSfEr .......cccccevveverenierenesceneeneeneene
IDT79R3051 Family of Integrated RISControllers™ ...
RISC CPU Processor RISCOre™ .........cccoeiercnesensininicinniesiseseescssesneseesens
Bus Exchanger for R3051 Famlily ........cccocurrureeriennercrveenineresenreavesreseerersesannes
DRAM Controller for R3051 Family ..........
1/0 Interface Controller for R3051 Family .....
Third Generation MIPS RISC ProCeSSOT .......cvueereeeererieeeireieeiseesesseseenisesssenes
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7MB6051

7MB6056
7MB6061
7MB6064
7MB6136
7MB6146
7MB6156
7MC4001
7MC4005
7MC4032
7MP2005
7MP2009

1M x 1 CMOS Static RAM Module .........cceevrvivernevenene

128K x 8 Dual-Port SRAM MOGUIE ......covovererviririeirnnreirreeneennreeessreseneeseneeses
16K x 32 Dual-Port SRAM Module ....

64K x 8 Dual-Port SRAM Module ......

8K x 9 Dual-Port SRAM Module ....
16K x 9 Dual-Port SRAM Module .........

8K x 8 Master Dual-Port SRAM Module ...
16K x 8 Master Dual-Port SRAM Module ....
32K x 8 Master Dual-Port SRAM Module ....
8K x 8 Slave Dual-Port SRAM Module .....
16K x 8 Slave Dual-Port SRAM Module .........ccocuevieeeceneniniennrereeneeresnnenees
8K x 9-Bit CMOS FIFO MOQUIE .......cocerrveerrenrenieirereenreeeeenieerrece e eeeaeenes
16K x 9-Bit CMOS FIFO Module ...
32K x 9-Bit CMOS FIFO Module .......
32K x 32 CMOS Static RAM Module ....
128K x 32 CMOS Static RAM Module ..
256K x 16 CMOS Static RAM Module ..
64K x 32 CMOS Static RAM Module.....

256K x 4 CMOS Static RAM Module ....

512K x 8 CMOS Static RAM Module ........eeeveerverrnerenseeenrnecenens
16K x 32 Writable Control Store Static RAM Module .........ccccveveveevcenrenene
64K x 16 CMOS Static RAM Module ........c.cceevemreervennne

64K x 8 CMOS Static RAM Module ... .
64K x 9 CMOS Static RAM Module ...
64K x 16 Dual-Port SRAM Module ...
32K x 16 Dual-Port SRAM Module ....
8K x 8 FourPort™ SRAM Module......
4K x 8 FourPort™ SRAM Module......
4K x 16 FourPort™ SRAM Module....
2K x 16 FourPort™ SRAM Module....
2(16K x 16) CMOS Static RAM Module ...

256K x 9 CMOS Static RAM Module ........

512K x 8 CMOS Static RAM Module. ........coovveeeeervernnnne
128K x 16 Dual-Port (Shared Memory) SRAM Module ........ccoceeeevvrereenrienens
(2 x 16K x 60) Data/Instruction Cache Module for IDT79R3000 CPU............
(2 x 16K x 64) Data/Instruction Cache Module for General Purpose CPUs ..

- 8K x 112 Writable Control Store Static RAM MOAUIE ..........cceveeeirernnrerenene

(2 x 8K x 64) Data/Instruction Cache Module for IDT79R3000 CPU
(2 x 4K x 64) Data/Instruction Cache Module for IDT79R3000 CPU
64K x 16 Dual-Port (Shared Memory) SRAM Module .........cccvvviivicnnnnns
(2 x 16K x 60) Data/Instruction Cache Module for IDT79R3000 CPU
(MURIPIOCESSOT) w.oviiveeeeeiistreiueaieneiersnisies e ssei e saeee e e nessaseneenecrnnansesnne
(2 x 8K x 64) Data/Instruction Cache Module for IDT79R3000 CPU
(MURIPrOCESSOr) .c.eeeverceereeececnireerie s innne st
32K x 16 Dual-Port (Shared Memory) SRAM Module .............
(2 x 16K x 60) Data/Instruction w/Resettable Instruction Tag ............
(2 x 4K x 64) Data/Instruction Cache Module for IDT79R3000 CPU ..
128K x 18 Dual-Port (Shared Memory) SRAM Module ........c..occeunee.
64K x 18 Dual-Port (Shared Memory) SRAM Module .......
32K x 18 Dual-Port (Shared Memory) SRAM Module ...

16K x 16 CMOS Static RAM MOAUIE ......cuveeerereeerierecieeecriee s csesanenne
16K x 32 CMOS Static RAM Module w/Separate Data I/O .........c.ccccocccuenn
8K x 9-Bit FIFO MOQUIE .......coevirrrereenrrreseececrenercsseeseenenne
32K x 18-Bit FIFO Module
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Flexi-Pak Family
RC32xx

16K x 18-Bit FIFO MOQUIE .....cecviiiiiiiiriinssiseinicnenrece it sessesneseas
16K X 9 Bit FIFO MOUUIE ....covevereirinriiriiesicnniseneiseseesienesnessineseesessnsessssnsas
512K x 8 CMOS Static RAM ModUIe ........covemerveerinvcnceriieniiecniisieieenne
16K x 32 CMOS Static RAM Module ........ccocceevmuerneirreececereeeene s
256K x 8 CMOS Static RAM ModUule ........coeeeeeeveenerreninierec e seeneeeeens
64K x 32 CMOS Static RAM Module ....

256K x 32 CMOS Static RAM Module .....
512K x 16 CMOS Static RAM MOQUIE ......corvuierereerirersceieienerennreeniscssessesenne
512K x 8 CMOS Static RAM MOQUIE ........ceecevrirereerircccemecieer e seerenesess
R3000 CPU Modules for General Applications ..
R3000 CPU Modules for Compact Systems ......
R3000 CPU Modules for Compact Systems ......
R3001 RISC Engine for Embedded Controllers
R3000 CPU Modules for High Performance and MultiProcessor Systems ...
R3000 CPU Modules with 256K Caches ..........cocceeieecieceriererie st
R3000 CPU Modules with 256K Caches ................ .
Plug Compatible Family of R3000 CPU Modules ..........
Prototyping Platform for Any IDT RISC CPU Moduie ....

R3000 PGA AJAPION ...ttt sesree s e sresaesnnee
R3000 Disassembler for Use with the HP 16500 Logic Analyzer ...
R3000 and R3001 Evaluation Boards ...........cccevurervemrcenernrecnneanes
R3000 and R3001 Evaluation Boards ...........ccccevurverneereenerncinnnneseeerneceenee
REAL8™ R3000 Laser Printer Controller Evaluation System ...........ccccoeuee. '
MacStation 2 R3000 Development System ..........cccoceceeneeenee
MacStation 3 R3000 Development System .......cc.eceevcveriiiiinicereenncns
IDT/sim System Integration Manager ROMable Debugging Kernal ..
IDT/c Multi-Host C-Compiler System.......c..c.ccvverevvcnnnnnnnee
Cross Assembler for IBM PCs and Clones........cc.ceeeieeeeeneenneee
|DT/fp Floating Point Library for Use with R3000 Compilers ...
32K x 16 CMOS Static RAM Module ......ccccecereeurcvrrrriireeceeneat
64K x 16 CMOS Static RAM Module ....
128K x 8 CMOS Static RAM Module ....
32K x 16 CMOS Static RAM Module ...
32K x 16 CMOS Static RAM Module ....
64K x 16 CMOS Static RAM Module ....
64K x 16 CMOS Static RAM Module ....
128K x 8 CMOS Static RAM Module ...
128K x 8 CMOS Static RAM MOQUIE .......erevececcernrerererie e s
Modules with Various Combinations of SRAMs, EPROMs and EEPROMs ..
IDT RISC Development HOSt SYSIEMS ....c.cccevermeeiecnerririinieicie et
Subsystem Custom Module Capabilities
Third Party Development SUPPOM ..........ccmrmninsineinieniieniececiiiiiesnens
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IDT PACKAGE MARKING DESCRIPTION

PART NUMBER DESCRIPTION

IDT’s part number identifies the basic product, speed,
power, package(s) available, operating temperature and
processinggrade. Eachdata sheethas adetailed description,
using the part number, for ordering the proper product for the
user’s application. The part number is comprised of a series
of alpha-numeric characters:
1. An “IDT” corporate identifier for Integrated Devnce
Technology, Inc.
A basic device part number composed of alpha-numeric
characters.
A device power identifier, composed of one or two alpha
characters, is used to identify the power options. In most
cases, the following alpha characters are used:
“S” or “SA" is used for the standard product’s power.
“L” or “LA” is used for lower power than the standard
product.

2.

Example for Monolithic Devices:

DT _XXX.XXX_ XX XX X.X

4. Adevice speed identifier, when applicable, is either alpha
-characters, such as “A” or “B", or numbers, such as 20 or
45. The speed units, dependmg on the product, are in
nanoseconds or megahertz.
A package identifier, composed of one or two characters.
The data sheet should be consulted to determine the
- packages available and the package identifiers for that
particular product.
Atemperature/process identifier. The productis available
in either the commercial or military temperature range,
processedto a commercial specification, orthe product is
available in the military temperature range with full
compliance to MIL-STD-883. Many of IDT’s products
have burn-in included as part of the standard commercial
process flow.
Aspecialprocess identifier, composedof alphacharacters,
is used for products which require radiation enhancement
(RE) or radiation tolerance (RT).

Special Process
Process/Temperature*

Package*

Speed

Power

* Field ldentifier Applicable To All Products

ASSEMBLY LOCATION DESIGNATOR

IDT uses various locations for assembly. These are
identified by an alpha character in the last letter of the date
code marked on the package. Presently, the assembly
location alpha character is as follows:

A = Anam, Korea
I = USA
P = Penang, Malaysia

Device Type*

2507 drw 01

MIL-STD-883C COMPLIANT DESIGNATOR

IDT ships military products which are compliant to the latest
revision of MIL-STD-883C. Such products are identified by a
“C"designationonthe package. The location of this designator
is specified by internal documentation at IDT.

1.5
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IDT...LEADING THE CMOS FUTURE

A major revolution is taking place in the semiconductor
industry today. A new technology is rapidly displacing older
NMOS and bipolar technologies as the workhorse of the 80's
andbeyond. Thattechnology is high-speed CMOS. Integrated
Device Technology, a company totally predicated on and
dedicated toimplementing high-performance CMOS products,
is on the leading edge of this dramatic change.

Beginning with the introduction of the industry's fastest
CMOS 2K x 8 static RAM, IDT has grown into a company with
multiple divisions producing a wide range of high-speed
CMOS circuits that are, in almost every case, the fastest
available. These advanced products are produced with IDT’s
proprietary CEMOS™ technology, a twin-well, dry-etched,
stepper-aligned process utilizing progressively smaller
dimensions.

From inception, IDT’s product strategy has been to apply
the advantages of it's extremely fast CEMOS technology to
produce the integrated circuit elements required to implement
high-performance digital systems. IDT’s goalis to provide the
circuits necessary to create systems which are far superior to
previous generations in performance, reliability, cost weight
and size. Many of the company’s innovative product designs
offer higher levels of integration, advanced architectures,
higher density packaging and system enhancement features
that are establishing tomorrow’s industry standards. The
company is committed to providing its customers with anever-
expanding series of these high-speed, lower-power IC solutions
to system design needs.

IDT’s commitment, however, extends beyond state-of-the-
arttechnology and advanced products to providing the highest

level of customer service and satisfaction in the industry.
Producing products to exacting quality standards that provide
excellent, long-term reliability is given the same level of
importance and priority as device performance. IDT is also
dedicated to delivering these high-quality advanced products
ontime. The company would like to be known not only for its
technological capabilities, but also for providing its customers
with quick, responsive and courteous service.

IDT’s product families are available in bothcommercial and
military grades. As abonus, commercialcustomers obtainthe
benefits of military processingdisciplines, established to meet
or exceed the stringent criteria of the applicable military
specifications.

IDT is the leading U.S. supplier of high-speed CMOS
circuits. The company’s high-performance fast SRAM, FCT
logic family, high-density modules, FIFOs, complex logic
products, specialty memories, ECL /0 BICEMOS™ memories,
RISC subsystems, and the 32-bit RISC microprocessorfamily
complement eachotherto provide high-speed CMOS solutions
to a wide range of applications and systems.

Dedicated to maintaining its leadership position as a state-
of-the-art IC manufacturer, IDT will continue to focus on
maintaining ‘its technology edge as well as developing a
broader range of innovative products. New products and
speed enhancements are continuously being added to each
of the existing product families and additional product lines will
beintroduced. Contact your IDT field representative orfactory
marketing engineer to determine the latest product offerings.
If you're building state-of-the-art equipment, IDT wants to help
you solve some of your design problems.
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IDT MILITARY AND DESC-SMD PROGRAM

IDT is a leading supplier of military, high-speed CMOS
circuits. The company'’s high-performance Static RAMs, FCT
Logic Family, Complex Logic (CLP), FIFOs, Specialty
Memories (SMP), ECL I/0 BiCMOS Memories, 32-bit RISC
Microprocessor, RISC Subsystems and high-density
Subsystems Modules product lines complement eachotherto
provide high-speed CMOS solutions to a wide range of
military applications and systems. Most of these product lines
offer Class B products which are fully compliant to the latest
revision of MIL-STD-883, Paragraph 1.2.1. In addition, IDT
offers Radiation Tolerant (RT), aswell as Radiation Enhanced
(RE), products.

IDT has an active program with the Defense Electronic
Supply Center (DESC) to list all of IDT’s military compliant

devices on Standard Military Drawings (SMD). The SMD
program allows standardization of militarized products and
reduction of the proliferation of non-standard source control
drawings. This program will go far toward reducing the need
for each defense contractor to make separate specification
control drawings for purchased parts. IDT plans to have
SMDs for many of its product offerings. Presently, IDT has 88
devices which are listed or pending listing. The devices are
from IDT's SRAM, FCT Logic family, Complex Logic (CLP),
FIFOs and Specialty Memories (SMP) product families. IDT
expects to add another 20 devices to the SMD programinthe
near future. Users should contact either IDT or DESC for
current status of products in the SMD program.

SMD SMD SMD

SRAM IDT LOGIC IDT FIFO IDT
84036/D 6116 5962-87630/B 54FCT244/A 5962-87531 7201LA
5962-88740 6116LA 5962-87629/C 54FCT245/A 5962-86846/A 72404
84132/B 6167 5962-86862/A 54FCT299/A 5962-88669 72038
5962-86015/A 7187 5962-87644/A 54FCT373/A 5962-89568 7204L
5962-86859 © 6198/7198/7188 5962-87628/C 54FCT374/A 5962-89536 7202L
5962-86705/A 6168 5962-87627 54FCT377/A 5962-89863 72018
5962-85525/A 7164 5962-87654/A 54FCT138/A 5962-89523 72403L
5962-88552 71256L 5962-87655 54FCT240/A 5962-89666 7200L
5962-88662 71256S 5962-87656/A 54FCT273/A 5962-89942 72103L
5962-88611 71682L 5962-89533 54FCT861A/B 5962-89943 72104L
5962-88681/A 71258S 5962-89506 54FCT827A/B 5962-89567 7203L
5962-88545 71258L 5962-88575 54FCT841A/B
5962-88544 71257L 5962-88608 54FCT821A/B
5962-88725/A 71257S 5962-88543/A 54FCT521/A
5962-89690 6116 5962-88640 54FCT161/A
5962-89691 7198 5962-88639 54FCT573/A
5962-89692 7188 5962-88656 54FCT823A/B
5962-89712 71982 5962-88657 54FCT163/A
5962-89892 6198 5962-88674 54FCT825A/B
5962-38294 8Kx8 5962-88661 54FCT863A/B
5962-89598 32Kx8 5962-88736 54FCT520A/B

5962-88775 54FCT646A/B
SMP IDT 5962-89508 54FCT139/A

5962-89665 54FCT824A/B
5962-86875/A 7130/7140 5962-88651 54FCT533/A
5962-87002/A 713277142 5962-88652 54FCT182/A
5962-88610/A 71335/7143S 5962-88653 54FCT645A/B
5962-88665/A 7133L/7143L 5962-88654 54FCT640A/B

5962-88655 54FCTS534/A
CLP IDT 5962-89767 54FCTS540/A

5962-89766 54FCT541/A
5962-87708/A 39C10B& C 5962-89733 54FCT191/A
5962-88535 39Co1 5962-89732 54FCT241/A
5962-88533/A 49C460A 5962-89652 54FCT399/A
5962-88613 39C60A 5962-89513 S54FCTS74/A
5962-88643 49C410 5962-89731 54FCT833A/B
5962-88743 75C48S 5962-88675 54FCT845A/B
5962-86273 7216L 5962-89730 54FCT543/A
5962-87686 7217L
5962-88733 7210
5962-90579 7381L
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RADIATION HARDENED TECHNOLOGY

IDT manufactures and supplies radiation hardened products
formiiitary/aerospace applications. Utilizing special processing
and starting materials, IDT’s radiation hardened devices are
ableto survive in hostile radiation environments. Intotaldose,
dose rate and environments where single event upset is of
concern, IDT products are designed to continue functioning
without loss of performance. IDT can supply all its productson
these processes. Total Dose radiation testing is performed in-

house on an ARACOR X-Ray system. External facilities are
utilized for device research on gamma cell, LINAC and other
radiation equipment. IDT has an on-going research and
development program for improving radiation handling
capabilities (See “IDT Radiation Tolerant/Enhanced Products
for Radiation Environments” in Section 3) of IDT products/
processes.

23



IDT LEADING EDGE CEMOS TECHNOLOGY

HIGH-PERFORMANCE CEMOS

From IDT’s beginnings in 1980, it has had a beliefinand a
commitment to CMOS. The company developed a high-
performance version of CMOS, called enhanced CMOS
(CEMOS), that allows the design and manufacture of leading-
edge components. It incorporates the best characteristics of
traditional CMOS, including low power, high noise immunity

and wide operating temperature range; it also achieves speed
and output drive equal or superior to bipolar Schottky TTL.
The last decade has seen development and production of four
“generations” of 1DT's CEMOS technology with process
improvements which have reduced IDT’s electrical effective
(Leff) gate lengths by more than 50 percent from 1.3 microns
(millionths of a meter) in 1981 to 0.6 microns in 1989.

CEMOS | CEMOS Il CEMOS Il CEMOS V CEMOS Vi
A C

Calendar Year 1981 1983 1985 1987 1989 1990
Drawn 2.5 1.7n 1.3p 1.2u 1.0n 0.8u
Feature Size
Leff 1.3p 1.ip 0.9u 0.8 0.6p 0.45p
Basic Dual-well, Dry Etch, Shrink, Silicide, BiICEMOS I BiICEMOS IlI
Process Wet Etch, Stepper Spacer BPSG,
Enhancements Projection BiCEMOS |

Aligned

2514 drw 01
CEMOS IV = CEMOS |ll - scaled process optimized for high-speed logic.
Figure 1.

Continual advancement of CEMOS technology allows IDT
to implement progressively higher levels of integration and
achieveincreasingly faster speeds maintaining the company’s
established position as the leader in high-speed CMOS
integrated circuits. In addition, the fundamental process
technology has been extended to add bipolar elements to the
CEMOS platform. IDT's BICEMOS process combines the
ultra-high speeds of bipolar devices with the lower power and
cost of CMOS, allowing us to build even faster components
than straight CMOS at a slightly higher cost.

CEMOSIII

CEMOSII

CEMOS YV
1981 1983 1987 1989
SEM photos (miniaturization) 2514 drw 02

Figuie 2. Fifteen-Hundred-Power Magnification Scanning Electron
Microscope (SEM) Photos of the Four Generations of IDT's CEMOS
Technology
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Figure 3. IDT CEMOS Device Cross Section

ALPHA PARTICLES

Random alpha particles can cause memory cells to
temporarily lose their contents or suffer a“soft error.” Traveling
with high energy levels, alpha particles penetrate deepinto an
integrated chip. As they burrow into the silicon, they leave a
trail of free electron-hole pairs in their wake.

The cause of alpha particles is well documented and
understood in the industry. IDT has considered various
techniquesto protect the cells fromthis hazardous occurrence.
These techniques include dual-well structures (Figures 3 and
4) and a polymeric compound for die coating. Presently, a
polymericcompoundis usedinmany of IDT's SRAMs; however,
the specific techniques used may vary and change from one
device generation to the next as the industry and IDT improve
the alpha particle protection technology.

LATCHUP IMMUNITY

A combination of careful design layout, selective use of
guard rings and proprietary techniques have resultedinvirtual
elimination of latchup problems often associated with older
CMOS processes (Figure 5). The use of NPN and N-channel
1/0 devices eliminates hole injection latchup. Double guard
ring structures are utilized on all input and output circuits to
absorbinjected electrons. These effectively cut off the current
paths into the internal circuits to essentially isolate I/O circuits.
Compared to older CMOS processes which exhibit latchup
characteristics with trigger currents from 10-20mA, IDT
products inhibit latchup at trigger currents substantially greater
than this.
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Figure 4. .IDT CEMOS Bulit-In High Alpha Particle Immunity
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Figure 5. IDT CEMOS Latchup Suppression
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SURFACE MOUNT TECHNOLOGY
AND
IDT’S MODULE PRODUCTS

Requirements for circuit area reduction, utilizing the most
efficient and compact component placement possible and the
needs of production manufacturing for electronics assemblies
are the driving forces behind the advancement of circuit-board
assembly technologies. These needs are closely associated
with the advances being made in surface mount devices
(SMD) and surface mounttechnology (SMT) itself. Yet, there
are two major issues with SMT in production manufacturing of
electronic assemblies: high capital expenditures and com-
plexity of testing.

The capital expenditure required to convert to efficient
production using SMT is still too high for the majority of
electronics companies, regardless of the 20-60% increase in
the board densities which SMT can bring. Because of this high
barrier to entry, we will continue to see alarge market segment
[large even compared to the exploding SMT market] using
traditional through-hole packages (i.e. DIPs, PGAs, etc) and
assembly techniques. How can these types of companies
take advantage of SMD and SMT? Let someone else, such
as IDT, doit for them by investing time and money in SMT and
then in return offer through-hole products utilizing SMT proc-
esses. Products which fit this description are multi-chip
modules, consisting of SMT assembled SMDs on a through-
hole type substrate. Modules enable companiesto enjoy SMT
density advantages and traditional package options without
the expensive startup costs required to do SMT in-house.

Although subcontracting this type of work to an assembly
house is an alternative, there still is the other issue of testing,
an area where many contract assembly operations fall short
of IDT’s capability and experience. Prerequisites for ade-
quate module testing sophisticated high performance par-
ametric testers, customized test fixtures, and most impor-
tantly the experience to tests today's complex electronic
devices. Companies can therefore take advantage of IDT's
experience in testing and manufacturing high performance
CMOS multi-chip modules.

At IDT, SMD components are electrically tested, environ-
mentally screened, and performance selected for each IDT
module. Allmodules are 100%tested as if they are a separate
functional component and are guaranteed to meet all speci-
fied parameters at the module output without the customer
having to understand the modules’ internal workings.

Other added benefits companies get by using IDT’s CMOS
module products are:

1) awide variety of high performance, through-hole prod-
ucts utilizing SMD packaged components,

2) fast speeds compared with NMOS based products,

3) low power consumption compared with bipolar tech-
nologies, and

4) low cost manufacturability compared with GaAs based
products.

IDT has recognized the problems of SMT and began
offering CMOS modules as part of its standard product port-
folio. IDT modules combine the advantages of:

1) the low power characteristics of IDT's CEMOS™ and

BiCEMOS™ products,

2) thedensity advantages of first class SMD components

including those from IDT’s components divisions, and

3) experience in system level design, manufacturing, and

testing with its own in-house SMT operation.

IDT currently has two divisions (Subsystems and RISC
Subsystems) dedicated to the development of module prod-
ucts ranging from simple memory modules to complex VME
sized application specific modules to full system level CPU
boards. These modules have surface mount devices as-
sembled onboth sides of either a multi-layer glass filled epoxy
(FR-4) or a multi-layer co-fired ceramic substrate. Assembled
modules come available in industry standard through-hole
packages and other space-saving module packages. Indus-
try proven vapor-phase or IR reflow techniques are used to
solder the SMDs to the substrate during the assembly proc-
ess. Because of our affiliation with IDT’s experienced semi-
conductor manufacturing divisions, we thoroughly under-
stand and therefore test all modules to the applicable da-
tasheet specifications and customer requirements.

Thus, DT is able to offer today’s electronic design engi-
neers a unique solution for their “need-more-for-less”
problem.modules. These high speed, high performance
products offer the density advantages of SMD and SMT, the
added benefit of low power CMOS technology, and through-
hole packaged electronics without the high cost of doing it in-
house.
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STATE-OF-THE-ART FACILITIES AND CAPABILITIES

Integrated Device Technology is headquartered in Santa
Clara, California — the heart of the “Silicon Valley.” The
company’s operations are housed in seven facilities totaling
over 500,000 square feet. These facilities house all aspects
of business from research and development to design, wafer
fabrication, assembly, environmental screening, test and
administration. In-house capabilities include scanning electron
microscope (SEM) evaluation, particle impact noise detection
(PIND), plastic and-hermetic packaging, military and
commercial testing, burn-in, life test and a full complement of
environmental screening equipment.

The over-200,000-square-foot corporate headquarters
campus is composed of four buildings. The largest facility on
this site is a 100,000 square foot, two-building complex. The
first building, a 60,000 square foot facility, is dedicated to the
Complex Logic, Standard Logic and RISC Microprocessor
product lines, as well as hermetic and plastic package
assembly, logic products’ test, burn-in, mark and QA, and a
reliability/failure analysis lab.

IDT's Packaging and Assembly Process Development
teams are located here. To keep pace with the development
of new products and to enhance the IDT philosophy of
“Innovation,” these teams have ultra modern, integrated and
correspondingly sophisticated equipment and environments
attheir disposal. All manufacturing is completed in dedicated
clean room areas (Class 10K minimum), with all preseal
operations accomplished under Class 100 laminarflow hoods.

Development of assembly materials, processes and
equipmentis accomplished undera fully operational production
environment to ensure reliability and repeatable product. The
Hermetic Manufacturing and Process Development team is
currently producing customproducts to the strict requirements
of MIL-STD-883. The fully automated plastic facility is currently

producing high volumes of USA-manufactured product, while -

developing state-of-the-art surface mounttechnology patterned
after MIL-STD-883.

The secondbuilding of the complex houses sales, marketing,
finance and MIS.

The RISC Subsystems and Subsystems Modules Divisions
are located behind the two-building complex in a 54,000
square foot facility. Also located at this facility are Quality
Assurance and wafer fabrication services.

Directly across the street from the two-building complex is
a newly acquired 50,000 square foot facility that houses

administrative services, Northwest Area Sales, Human
Resources, International Planning and Shipping and Receiving
functions.

IDT’s largest and newest facility, opened in 1990 in San
Jose, California, is a multi-purpose 150,000 square foot, ultra
modern technology development center. This facility houses
a 25,000 square foot, combined Class 1 (a maximum of one
particle per cubic foot of 0.2 micronor larger), sub-half-micron
R&D fabrication facility and a wafer fabrication area. This fab
supports both production volumes of IDT products, including
some next generation SRAMs, and the R&D efforts of the
technology development staff. Technology developmentefforts
targeted for the center include advanced silicon processing
and wafer fabrication techniques. A test area to support both
production and research is located on-site. The building is
also the new home of the FIFO and ECL product lines.

IDT’s second largest facility is located in Salinas, California,
about an hour away from Santa Clara. This 95,000 square
foot facility, located on 14 acres, is the Static RAM Division
and Specialty Memory product line. Constructed in 1985, this
facility houses an ultra-modern 25,000 square foot high-
volume wafer fabrication area measured at Class 2-to-3 (a
maximum of 2 to 3 particles per cubic foot of 0.2 micron or
larger) clean roomconditions. Careful designand construction
of this fabrication area created a clean room environment far
beyond the 1985 average for U.S. fab areas. This made
possible the production of large volumes of high-density
submicron geometry, fast static RAMs. This facility also
houses shipping areas for IDT’s leadership family of CMOS
static RAMs. This site will expand to accommodate a 250,000
square foot complex.

To extendthese philosophies while maintaining strict control
of our processes, IDT has an operational Assembly and Test
facility located in Penang, Malaysia. This facility assembles
product to USA standards, with all assemblies done under
laminar flow conditions (Class 100) untilthe siliconis encased
in its final packaging. All products in this facility are
manufactured to the quality controlrequirements of MIL-STD-
883.

All of IDT's facilities are aimed at increasing our
manufacturing productivity to supply ever larger volumes of
high-performance, cost-effective leadership CMOS products.




SUPERIOR QUALITY AND RELIABILITY

Maintaining the highest standards of quality in the industry

on all products is the basis of Integrated Device Technology’s
manufacturing systems and procedures. From inception,
quality and reliability are buitt into all of IDT's products. Quality
is “designedin” at every stage of manufacturing— as opposed
to being “tested-in” later — in order to ensure lmpeccable
performance.
- Dedicated commitment to fine workmanship, along with
development of rigid controls throughout wafer fab, device
assemblyand electricaltest, create inherently reliable products.
Incoming materials are subjectedto carefulinspections. Quality
monitors, or inspections, are performed throughout the
manufacturing flow.

IDT military grade monolithic hermetic products are designed
to meet or exceed the demanding Class B reliability levels of
MIL-STD-883 and MIL-M-38510, as defined by Paragraph
1.2.1 of MIL-STD-883.

Product flow and test procedures for all monolithic hermetic
military grade products are in accordance with the latest
revision and notice of MIL-STD-883. State-of-the-artproduction
techniques and computer-based test procedures are coupled
with tight controls and inspections to ensure that products
meet the requirements for 100% screening. Routine quality
conformance lot testing is performed as defined in MIL- STD-
883, Methods 5004 and 5005.

ForIDT module products, screening of the fully assembled
substrates is performed, in addition to the monolithic level
screening, to assure package integrity and mechanical

reliability. All modules receive 100% electrical tests (DC,
functional and dynamic switching) to ensure compliance with
the "subsystem” specifications.

By maintaining these high standards and rigid controls
throughout every step of the manufacturing process, IDT
ensuresthat commercial, industrial and military grade products
consistently meet customer requirements for quality, reliability
and performance.

SPECIAL PROGRAMS

Class S. IDT also has all manufacturing, screening and
test capabilities in-house (except X-ray and some Group D
tests) to perform complete Class S processing per MIL-STD-
883 on all IDT products and has supplied Class S products on
several programs.

Radiation Hardened. IDT has developed and supplied
several levels of radiation hardened products for military/
aerospace applications to perform at various levels of dose
rate, total dose, single event upset (SEU), upset and latchup.
IDT products maintain nearly their same high-performance
levels built to these special process requirements. The
company has in-house radiation testing capability used both
in process development and testing of deliverable product.
IDT also has a separate group within the company dedicated
to supplying products for radiation hardened applications and
to continue research anddevelopment of process and products
to further improve radiation hardening capabilities.
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QSP-QUALITY, SERVICE AND PERFORMANCE

Quality from the beginning, is the foundation for IDT’s
commitment to supply consistently high-quality products to
our customers. IDT's quality commitment is embodied inits all
pervasive Constant Quality Improvement (CQI) program.
Everyone who influences the quality of the product—from the
designer to the shipping clerk-is committed to constantly
improving the product quality.

IDT'S FOCUS

“To make quantitative constant improvement in the quality
of our actions that result in the supply of leadership products
in conformance to the requirements of our customers.”

IDT has dedicated its efforts to constant quantitative
improvements in quality. The result, a supply of leadership
products that conform to the requirements of our customers.

IDT’S PRODUCT ASSURANCE STRATEGY
FOR CQl

Measurable standards are essential to the success of CQl.
Allthe processes contributing to the final quality of the product
need to be monitored, measured and improved upon through
the use of statistical tools.

DEVELOPMENT
|
FAB
] PRODUCT FLOW
ASSEMBLY
I
TEST

|
SHIP

Ourcustomers receive the benefitof our optimized systems.
Installed to enhance quality and reliability, these systems
provide accurate and timely reporting on the effectiveness of
manufacturing controls and the reliability and quality
performance of IDT products and services.

ORDER ENTRY
I
PRODUCTION CONTROL
SERVICE FLOW |
SHIPPING

|
CUSTOMER SUPPORT

These systems and controls concentrate on CQlby focusing
on the following key elements:

Statistical Techniques
Using statisticaltechniques, including Statistical Process
Control (SPC) to determine whether the product/
processes are under control.

Standardization
Implementing policies, procedures and measurement
techniquesthat are commonacross different operational
areas.

Documentation
Documenting and training in policies, procedures,
measurement techniques and updating through
characterization/ capability studies.

Productivity Improvement
Using constant improvement teams made up from
employees at all levels of the organization.

Leadership
Focusing on quality as a key business parameter and
strategic strength.

Total Employee Participation
Incorporating the CQI program into the IDT Corporate
Culture.

Customer Service
Supporting the customer, as a partner, through
performance review and pro-active problem solving.

People Excellence
Committing to growing, motivating and retaining people
~ throughtraining, goal setting, performance measurement
and review.

PRODUCT FLOW

Product quality starts here. IDT has mechanisms and
procedures in place that monitor and control the quality of our
development activities. Fromthe calibration of design capture
libraries through process technology and product.
characterization that establish whether the performance,
ratings and reliability criteria have been met. This includes
failure analysis of parts that willimprove the prototype product.

Atthe pre-production stage once again in-house qualification
tests assure the quality and reliability of the product. All
specifications and manufacturing flows are established and
personneltrained before the product is placed into production.
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Manufacturing

To make CQ! during the manufacturing stage, control items
are determined for major manufacturing conditions. Data is
gathered and statisticaltechniques are used to control specific
manufacturing processes that affect the quality of the product.

In-process and final inspections are fed back to earlier
processes to improve product quality. All product is burned-
in (where applicable) before 100% inspection of electrical
characteristics takes place. '

Products which pass final inspection are then subject to
Quality Assurance and Reliability Tests. This data is used to
improve manufacturing processes and provide reliability
predictions of field applications.

Inventory and Shipping

Controls in shipping focus on ensuring parts are identified
and packaged correctly. Care is also taken to see that the
correct paperwork is present and the product being shipped
was processed correctly.

SERVICE FLOW

Quality not only applies to the product but to the quality -of
-service we give our customers. Service is also constantly
improved.

Order Procedures

Checks are made at the order entry stage to ensure the
correct processing ofthe Customer’s product. Afterverification
and data entry the Acknowledgements (sent to Customers)
are again checked to ensure details are correct. Aspartofthe
CQl program, the results of these verifications are analyzed
using statistical techniques and corrective actions are taken.

Production Control :
Production Control (P.C.) is responsible for the flow and
logistics of material as it moves through the manufacturing
processes. The quality of the actions taken by P.C. greatly
impinges on the quality of service the customer receives.
Because many of our customers have implemented Just-in-
Time (JIT) manufacturing practices, IDT as asupplieralso has

to adopt these same disciplines. As a result, employees
receive extensive training and the performance level of key
actions are kept under constant review. These key actions
include:

Quotation response and accuracy.

Scheduling response and accuracy.

Response and accuracy of Expedites.

Inventory, management, and effectiveness.

On time delivery. )

Customer Support

IDT has aworldwide network of sales offices and Technical
Development Centers. These provide local customer support
on business transactions, and in addition, support customers
on applicationsinformation, technical services, benchmarking
of hardware solutions, and demonstration of various
Development Workstations.

The key to CQl is the timely resolution of defects and
implementation of the corrective actions. This is no more
important than when product failures are found by a
customer.When failures are found at the customer’s incoming
inspection, in the production line, or the field application, the
Quality Assurance group is the focal point for the investigation
of the cause of failure and implementation of the corrective
action. IDT constantly improves the level of support we give
our customers by monitoring the response time to customers
that have detected a product failure. Providing the customer
with an analysis of the failure, including corrective actions and
the statistical analysis of defects, brings CQ! full circle-full
support of our customers and their designs with high-quality
products.

SUMMARY

In 1990, IDT made the commitmentto “Leadership through
Quality, Service, and Performance Products”.

We believe by following that credo IDT and our cusotmers
will be successful in the coming decade.With the
implementation of the CQlI strategy, we will satisfy our goal...

“Leadership through Quality, Service and Performance
Products”.
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IDT QUALITY CONFORMANCE PROGRAM

A COMMITMENT TO QUALITY

Integrated Device Technology’s monolithic and modular
assembly products are designed, manufactured andtested in
accordance with the strict controls and procedures required
by Military Standards. The documentation, design and
manufacturing criteria of the Quality and Reliability Assurance
Program were developed and are being maintained to the
most current revisions of MIL-38510 as defined by paragraph
1.2.1 of MIL-STD-883 and MIL-STD-883 requirements.

Product flow and test procedures for all Class B monolithic
hermetic Military Grade microcircuits are in full compliance
with paragraph 1.2.1 of MIL-STD-883. State-of-the-art
production techniques and computer-based test procedures
are coupled with stringent controls and inspections to ensure
that products meet the requirements for 100% screening and
quality conformance tests as definedin MIL-STD-883, Methods
5004 and 5005.

Product flow and test procedures for all plastic and
commercial hermeticproducts are in accordance with industry
practices for producing highly reliable microcircuits to ensure
that products meet the IDT requirements for 100% screening
and quality conformance tests.

By maintaining these high standards and rigid controls
throughout every step of the manufacturing process, IDT
ensures that our products consistently meet customer
requirements for quality, reliability and performance.

SUMMARY

Monolithic Hermetic Package Processing Flow"

Refer to the Monolithic Hermetic Package Processing Flow
diagram. All test methods refer to MIL-STD-883 unless
otherwise stated.

1. Wafer Fabrication: Humidity, temperature and
particulate contamination levels are controlled and
maintained accordingto criteriapatterned after Federal
Standard 209, Clean Room and Workstation
Requirements. Allcriticalworkstations are maintained
at Class 100 levels or better.

Wafersfromeachwaferfabricationareaare subjected
to Scanning Electron Microscope analysis onaperiodic
basis.

2. Die-Sort Visual Inspection: Wafers are cut and
separated and the individual die are 100% visually
inspected to strict IDT-defined internal criteria.

3. Die Shear Monitor: To ensure die attach integrity,

product samples are routinely subjected to a shear
strength test per Method 2019.

NOTE:

4.

11.

12.

Wire Bond Monitor: Product samples are routinely
subjectedto astrengthtestperMethod 2011, Condition
D, to ensure the integrity of the lead bond process.

Pre-Cap Visual: Before the completed package is
sealed, 100% of the product is visually inspected to
Method 2010, Condition B criteria.

Environmental Conditioning: 100% of the sealed
product is subjected to environmental stress tests.
These thermal and mechanical tests are designed to
eliminate units with marginal seal, die attach or lead
bond integrity.

Hermetic Testing: 100% of the hermetic packages
are subjected to fine and gross leak seal tests to
eliminate marginally sealed units or units whose
seals may have become defective as a result of
environmental conditioning tests.

Pre-Burn-In Electrical Test: Each productis 100%
electricallytested atan ambienttemperature of +25°C

1o IDT data sheet or the customer specification.

Burn-in:  100% of the Military Grade product is
burned-in under dynamic electrical conditions to the
time and temperature requirements of Method 1015,
Condition D. Except for the time, Commercial Grade
product is burned-in as applicable to the same
conditions as Military Grade devices.

Post-Burn-In Electrical: After burn-in, 100% of the
Class B Military Grade product is electrically tested to
IDT data sheet or customer specifications over the
~55°C to +125°C temperature range. Commercial
Grade products are sample tested to the applicable
temperature extremes.

Mark: All product is marked with product type and lot
code identifiers. MIL-STD-883 compliant Military
Grade products are identified with the required
compliant code letter.

Quality Conformance Tests: Samples of the Military
Grade product which have been processed to the
100% screening tests of Method 5004 are routinely
subjectedtothe quality conformance requirements of
Method 5005.

1. For quality requirements beyond Class B levels such as SEManalysis, X-Ray inspection, Particle Impact Noise Reduction (PIND) test, Class S screening
or other customer specified screening flows, please contact your Integrated Device Technology sales representative.
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Monolithic Hermetic Package Processing Flow

MIL-STD-883
(SEE NOTE 1) TEST METHOD AND CONDITIONS
WAFER FAB IDT SPEC
[ ] waAFER PREP FOR ASSEMBLY
DIE-SORT VISUAL INSPECTION
INCOMING DIE OPTICAL
PREFORM INSPECTION SAMPLE
(SAMPLE)
INCOMING
PACKAGE
(SAMPLE)
"] ie ATTACH
DIE ATTACH ‘
INCOMING PUSH TEST 2019 (>2.5kg)
WIRE (SAMPLE) SAMPLE
[ ] wire BonD IDT SPEC
._@ LEAD BOND PULL
TEST SAMPLE 20|11 (>3.0grams)
[ ] pre-cap visuaL 2010 COND. B
._@ PRE-CAP VISUAL 2010 COND. B
INCOMING SAMPLE
LIDS (SAMPLE)
SEAL IDT slpec
BACK MARK IDT SPEC PROVIDES LOT
TRACEABILITY
TEMP CYCLE 1010 COND. C, 10 cycles
| -65°C TO +150°C -
CENTRIFUGE 2001 COND. E, Y1 Direction
>30kg (PKG < 5g)

>20kg (PKG 2 5g)

FINE LEAK TEST , 1014 COND. AorB,
| <5.0X 107 ATM/CC/SEC.
GROSS LEAK TEST 1014 COND.C :
] TRIM IDT SPEC
- )
ATTACH AS
BUMPER REQUIRED

FINELEAK: GROSS LEAK:

COND.AorB COND.C

HERMETICITY SAMPLE: 1014 50X 108
(SEENOTE 3) ATM/GC/SEC
EXTERNAL VISUAL IDT SPEC
PRE BURN-IN .
ELECTRICAL TEST 50f4 ?s%éqg'oilé"gﬂom“' @+25°C

SEE FINAL PROCESSING FLOW FOR REMAINDER OF OPERATIONS AND NOTES

2502 drw 01
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SUMMARY

Monolithic Plastic Package Processing Flow

Refer to the Monolithic Plastic Package Processing Flow
diagram. All test methods refer to MIL-STD-883 unless
otherwise stated.

1. Wafer Fabrication: Humidity, temperature and
particulate contamination levels are controlled and
maintained accordingto criteria pattemed after Federal
Standard 209, Clean Room and Workstation
Requirements. Allcriticalworkstations are maintained
at Class 100 levels or better.

Topside silicon nitride passivation is all applied to all
walfers for better moisture barrier characteristics.

Walers fromeachwaferfabrication area are subjected
to Scanning Electron Microscope analysisonaperiodic
basis.

2. Die-Sort Visual Inspection: Wafers are 100%
visually inspected to strict IDT defined internal
criteria.

3. Die Push Test: To ensure die attach integrity,
product samples are routinely subjected to die push
tests.

4. Wire Bond Monitor: Product samples are routinely
subjectedto wire bond pullteststo ensure the integrity
of the lead bond process.

5. Pre-Cap Visual: Before the package is molded,
100% of the product is visually inspected to criteria
patterned after MIL-STD-883, Method 2010, Condition
B.

10.

11.

Post Mold Cure: Plastic encapsulated devices are
baked to ensure an optimum plastic seal so as to
enhance moisture barrier characteristics.

Pre-Burn-In Electrical: Each product is 100%
electrically tested atan ambienttemperature of +25°C
to IDT data sheet or the customer specification.

Burn-In: Except for MSI Logic family devices where
it may be obtained as an option, all Commercial
Grade plastic package products are burned-in 16
hours at +125°C (or equivalent), utilizing the same
burn-in conditions as the Military Grade product.

Post-Burn-In Electrical: After burn-in, 100% of the
plastic product is electrically tested to IDT data sheet
or customer specifications at the maximum
temperature extreme. The minimum temperature
extreme is tested periodically on an audit basis.

Mark: All product is marked with product type and lot
code identifiers.

Quality Conformance Inspection: Samples of the
plastic product which have been processed to the
100% screening requirements are subjected to the
Periodic Quality Conformance Inspection Program.
Whereindicated, the test methods are patterned after
MIL-STD-883 criteria.
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- Monolithic Plastic Package Processing Flow

WAFER FABRICATION

(SEE NOTE 1)

[__] WAFER PREP FOR ASSEMBLY
[ ] DIE-SORT VISUAL

DIE OPTICAL INSPECTION

INCOMING LEAD FRAME VIS/DIM C ‘_@ OPTICAL INSPECTION SAMPLE

SAMPLE
INCOMING DIE ATTACH EPOXY
SAMPLE
FRAME LOAD
EPOXY DIE ATTACH AND CURE
INCOMING GOLD WIRE DIE ATTACH PUSH TEST SAMPLE
SAMPLE @—-

-] THERMOSONIC WIRE BOND
4—@ LEAD BOND PULL TEST SAMPLE

"] PRE-CAP OPTICAL INSPECTION

INCOMING MOLDING COMPOUND : 4—-—@ PRE-CAP OPTICAL SAMPLE INSPECTION

SAMPLE

BURN-IN BIASED/DYNAMIC AT +125°C,
160 HRS, MAXIMUM TO 16 HRS.
MINIMUM (OR EQUIVALENT) ON ALL
PRODUCTS EXCEPT MSI LOGIC

FAMILY DEVICES (FCT, FCT-T and FBT),

ON WHICH IT MAY BE OBTAINED AS
AN OPTION.

NOTE:

ENCAPSULATIONMOLD

CHEMICAL DEFLASH

POST MOLD CURE

MECHANICAL DEFLASH AND TRIM

SOLDER PLATE

LEAD FORMSINGULATION

OPEN/SHORT TEST SAMPLE

EXTERNAL VISUAL

PRE-BURN-IN ELECTRICAL TEST +25°C (SEE NOTE 2)

BURN-IN

POST BURN-IN ELECTRICAL TEST +70°C (SEE NOTE 2)
$10%

4—@ ELECTRICAL TEST QUALITY SAMPLE +70°C (SEE NOTE 2)

TOPSIDE MARK
LEAD STRAIGHTEN

[ ] 100% ELECTRICAL TEST +25°C (SEE NOTE 2)
5% (SEE NOTE 2)
SHIPPING INSPECTION GATE

1. All screens are 100% unless otherwise noted.
2. All electrical test programs are per the applicable IDT test specification.
3. |DT performs a 100% electrical test at +25°C with a 5% PDA limit at this point.

4. @ = Quality sample inspection.

2502 drw 02

3.2



Monolithic Hermetic Package Final Processing Flow

Commercial
Military
MIL-STD-883 Compliant Military Commercial
Operation Test Method Class B Temp. Range | Temp. Range
Burn-In 1015/D at +125°C 100% 100% 100%
Min. or Equivalent 160 Hours 16 to 160 Hours| 16to160 Hours
Post Burn-In Electrical: Static (DC), Functional and IDT Spec. 100% 100% 100%
Switching (AC)®@ +25, -55 and +125°C +70°C
+125°C
Percent Defective Allowed (PDA)® 5004 or IDT Spec. 5% 10% 10%
Group A Electrical: Static (DC), Functional and 5005 and IDT Spec. Sample . Sample Sample
Switching (AC)@ -55 and +125°C +125°C +70°C
Mark/Lead Straighten IDT Spec. 100% 100% 100%
+25°C Electrical® IDT Spec. 100%® 100% 100%
Final Visual/Pack IDT Spec. 100% 100% 100%
Quality Conformance Inspection 5005 (Group B, C, D) | Yes — —
Quality Shipping Inspection IDT Spec. Sample Sample Sample
(Visual/Plant Clearance) .

2505 1ot 01

NOTES:

1. All screens are 100% unless otherwise noted.

2. All electrical test programs are per the applicable IDT test specification.

3. This hermeticity sample is performed after all lead finish operations.

4. If alot fails the 5% PDA but is <10%, the lot may be resubmitted to burn-in one time only to the same time and temperature conditions as first submission.
The subsequent post burn-in electrical test at +25°C will be performed to a PDA of 3%.

. IDT performs a 100% electrical test at +25°C with a 2% PDA limit at this point to satisfy group A requirements, and considers this to be equivalent to the
group A requirement of an LTPD of 2, with an accept number of 0. If a lot fails the 2% PDA limit, it may be rescreened one time only to a tightened PDA
limitof 1.5%.

6. @ = Quality sample inspection.

wn
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RADIATION TOLERANT/ENHANCED/HARDENED PRODUCTS FOR
RADIATION ENVIRONMENTS

INTRODUCTION

The need for high-performance CMOS integrated circuits
in military and space systems is more critical today than ever
before. The low power dissipation that is achieved using
CMOS technology, alongwith the high complexity and density
levels, makes CMOS the nearly ideal component for all types
of applications.

Systems designed for military or space applications are
intended for environments where high levels of radiation may
be encountered. The implication of a device failure within a
military or space system clearly is critical. IDT has made a
significant contribution toward providing reliable radiation-
tolerant systems by offering integrated circuits with enhanced
radiation tolerance. Radiation environments, IDT process
enhancements and device tolerance levels achieved are
described below.

THE RADIATION ENVIRONMENT

There are four different types of radiation environments
that are of concern to builders of military and space systems.
These environments and their effects on the device operation,
summarized in Figure 1, are as follows:

Total Dose Accumulation refers to the total amount of
accumulated gamma rays experienced by the devices in the
system, and is measured in RADS (S!) for radiation units
experienced at the silicon level. The physical effect of gamma
rays on semiconductor devices is to cause threshold shifts (Vt
shifts) of both the active transistors aswell as the parasitic field
transistors. Threshold voltages decrease as total dose is
accumulated; at some point, the device will begin to exhibit
parametric failures as the input/output and supply currents
increase. At higher radiation accumulation levels, functional
failures occur. In memory circuits, however, functionalfailures
due to memory cell failure often occur first.

Burst Radiation or Dose Rate refers to the amount of
radiation, usually photons or electrons, experienced by the
devices inthe system due to a pulse event, and is measured
in RADS (SI) per second. The effect of a high dose rate or
burst of radiation on CMOS integrated circuits is to cause
temporary upset of logic states and/or CMOS latch-up. Latch-
up can cause permanent damage to the device.

Single Event Upset (SEU) is a transient logic state change
caused by high-energy ions, such as energetic cosmic rays,
striking the integrated circuits. As the ion passes through the
silicon, charge is either created through ionization or direct
nuclear collision. If collected by a circuit node, this excess
charge can cause a change in logic state of the circuit.
Dynamic nodes that are not actively held at a particular logic
state (dynamic RAM cellsforexample) are the most susceptible.
These upsets are transient, but can cause system failures
known as “soft errors.”

Neutron Irradiation will cause structural damage to the
siliconlattice which may lead to device leakage and, ultimately,
functional failure.

Radiatlon Primary
Category Particle Source Effect
Total Dose Gamma Space or Permanent
Nuclear
Event
Dose Rate Photons Nuclear Temporary
Event Upset of Logic
State or
Latch-up
SEU Cosmic Space Temporary
Rays Upset of
Logic State
Neutron Neutrons Nuclear Device Leakage
Event Due to Silicon
Lattice Damage
2510 drw 01
Figure 1.

DEVICE ENHANCEMENTS

Of the four radiation environments above, IDT has taken
considerable data on the first two, Total Dose Accumulation
and Dose Rate. 1DT has developed a process that significantly
improves the radiation tolerance of its devices within these
environments. Prevention of SEU failures is usually
accomplished by system-level considerations, such as Error
Detection and Correction (EDC) circuitry, since the occurrence
of SEUs is not particularly dependent on process technology.
Through IDT's customer contracts, SEU has been gathered
on some devices. Little is yet known about the effects of
neutron-induced damage. For more information on SEU
testing, contact IDT’s Radiation Hardened Product Group.

Enhancements to IDT’s standard process are used to
create radiation enhanced and tolerant processes. Field and
gate oxides are “hardened”to make the device less susceptible
to radiation damage by modifying the process architecture to
allow lowertemperature processing. Device implants and Vts
adjustments allow more Vt margin. In addition to process
changes, IDT’s radiation enhanced process utilizes epitaxial
substrate material. The use of epi substrate material provides
a lower substrate resistance environment to create latch-up
free CMOS structures.
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RADIATION HARDNESS CATEGORIES

Radiation Enhanced (‘RE) or Radiation Tolerant (‘RT)
versions of IDT products follow IDT's military product data
sheets whenever possible (consult factory). IDT's Total Dose
Test plan exposes a sample of die on a wafer to a particular
Total Dose level via ARACOR X-Ray radiation. This Total
Dose Test planqualifies each‘RE or ‘RT waferto a Total Dose
level. Only wafers with sampled die that pass Total Dose level
tests are assembled and used for orders (consult factory for
more details on Total Dose sample testing). With regard to
Total Dose testing, clarifications/exceptions to MIL-STD-883,
Methods 5005 and 1019 are required. Consult factory for
more details.

The ‘RE and ‘RT process enhancements enable IDT to
offer integrated circuits with varying grades of radiation
tolerance or radiation “hardness”.

+ Radiation Enhanced process uses Epi wafers and is able
to provide devices that can be Total Dose qualified to 10K
RADs (Si) or greater by IDT's ARACOR X-Ray Totai Dose
sample die test plan (Total Dose levels require negotiation,
consult factory for more details).

Radiation Tolerant product uses standard wafer/process
material that is qualified to 10K RADs (Si) Total Dose by
IDT's ARACOR X-Ray Total Dose sample die test plan.

Integrated Device Technology can provide Radiation
Tolerant/Enhanced versions of all product types (some speed
grades may not be available as ‘RE).

Please contact your IDT sales representative or factory
marketing to determine availability and price of any IDT
product processed in accordance with one of these levels of
radiation hardness.

CONCLUSION

There has been widespread interest within the military and
space community in IDT’s CMOS product line for its radiation
hardness levels, as well as its high-performance and low
power dissipation. To serve this growing need for CMOS
circuits that must operate in a radiation environment, IDT has
created a separate group within the company to concentrate
on supplying products for these applications.Continuing
researchand development of process and products, including
the use of in-house radiation testing capability, will allow
Integrated Device Technology to offer continuously increasing
levels of radiation-tolerant solutions.
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THERMAL PERFORMANCE CALCULATIONS FOR IDT’S PACKAGES

Since most of the electrical energy consumed by
microelectronic devices eventually appears as heat, poor
thermal performance of the device or lack of management of
this thermal energy can cause a variety of deleterious effects.
This device temperature increase can exhibit itself as one of
the key variables in establishing device performance and long
term reliability; on the other hand, effective dissipation of
internally generated thermal energy can, if properly managed,
reduce the deleterious effects and improve component
reliability.

A few key benefits of IDT's enhanced CEMOS™ process
are: low power dissipation, high speed, increased levels of
integration, wider operating temperature ranges and lower
quiescent power dissipation. Because the reliability of an
integrated circuit is largely dependent on the maximum
temperature the device attains during operation, and as the
junction stability declineswithincreasesinjunctiontemperature
(Ty), it becomes increasingly important to maintain a low (TJ).

CMOS devices stabilize more quickly and at greatly lower
temperature than bipolar devices under normal operation.
The accelerated aging of anintegrated circuitcanbe expressed
as an exponential function of the junction temperature as:

tA =to exp Ea (1-1
k \To Ty '

where
tA = lifetime at elevated junction (Tu) temperature
to = normal lifetime at normal junction (To) temperature
Ea = activation energy (ev)
k = Boltzmann's constant (8.617 x 10-%ev/k)

i.e. the lifetime of a device could be decreased by a factor of
2 for every 10°C increase temperature.

To minimize the deleterious effects associated with this

potential increase, IDT has:

1. Optimized our proprietary low-power CEMOS
fabrication process to ensure the active junction
temperature rise is minimal.

2. Selected only packaging materials that optimize heat
dissipation, which encourages a coolerrunning device.

3. Physically designed all package components to
enhance the inherent material properties and to take
full advantage of heat transfer and radiation due to
case geometries.

Ref. MIL-STD-883C, Method 1012.1
JEDEC ENG. Bulletin No. 20, January 1975
1966 Semi. Std., Vol. 4, Test Methods G30-86, G32-86.

4. Tightly controlled the assembly procedures to meet or
exceed the stringent criteriaof MIL-STD-883_to ensure
maximum heat transfer between die and packaging
materials.

The following figures graphically illustrate the thermal values
of IDT's current package families. Each envelop (shaded
area) depicts a typical spread of values due to the influence of
a number of factors which include: circuit size, package cavity
size and die attachintegrity. The following range of values are
to be used as a comprehensive characterization of the major
variables rather than single point of reference.

When calculating junctiontemperature (TdJ), it is necessary
to know the thermal resistance of the package (6JA) as
measuredin “degree celsius perwatt”. Withthe accompanying
data, the following equation can be used to establish thermal
performance, enhancedevice reliability and ultimately provide
you, the user, with a continuing series of high-speed, low-
power CMOS solutions to your system design needs.

8JA = [TJ = TAJP
Ty = TA + P[6JA] = TA + P[6JC + 6CA]

where
gc=Tu-Tc ocA=Tc—TA
P P
6 = Thermal resistance
J = Junction
P = Operational power of device (dissipated)
TA = Ambient temperature in degree celsius
Ty = Temperature of the junction
Tc = Temperature of case/package
6cA = Case to Ambient, thermal resistance—usually a

measure of the heat dissipation due to natural or
forced convection, radiation and mounting
techniques.
6Jc = Junction to Case, thermal resistance—usually
measured with reference to the temperature at a
. specific point on the package (case) surface.
(Dependent on the package material properties
and package geometry.)
6JA = Junction to Ambient, thermal resistance—usually
measured with respect to the temperature of a
specified volume of still air. (Dependenton 8JC +
6JA which includes the influence of area and
environmental condition.)
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PACKAGE DIAGRAM OUTLINE INDEX

PAGE

MONOLITHIC PACKAGE DIAGRAM OUTLINES

PKG.

P16-1
P18-1
P20-1
pP22-1
P24-1
P24-2
P28-1
P28-2
P32-1
P32-2
P40-1
P48-1
P64-1

D16-1
D18-1
D20-1
D22-1
D24-1
D24-2
D28-1
D28-2
D28-3
D32-1
D40-1
D40-2

C20-1
ca2-1
C24-1
C24-2
Cc28-1
Cc28-2
Cc28-3
C32-1
C32-2
C32-3
C40-1
C48-1
C48-2
C64-1
C64-2
Cé8-1

PG68-2
PG84-2
PG208-2

G68-1
G68-2
G84-1
G84-2
G84-3

DESCRIPTION

16-Pin Plastic DIP (300 mil)
18-Pin Plastic DIP (300 mil)..
20-Pin Plastic DIP (300 mil)...
22-Pin Plastic DIP (300 mil)...
24-Pin Plastic DIP (300 mil)...
24-Pin Plastic DIP (600 mil)...
28-Pin Plastic DIP (600 mil)...
28-Pin Plastic DIP (300 mil)..
32-Pin Plastic DIP (600 mil)
32-Pin Plastic DIP (300 mil)
40-Pin Plastic DIP (600 mil)...
48-Pin Plastic DIP (600 mil)...
64-Pin Plastic DIP (900 mil)

16-Pin CERDIP (300 mil)
18-Pin CERDIP (300 mil)...
20-Pin CERDIP (300 mil)...
22-Pin CERDIP (300 mil)...
24-Pin CERDIP (300 mil)...
24-Pin CERDIP (600 mi)...
28-Pin CERDIP (600 mil)
28-PiN CERDIP (WIH8 DOTY) -..vvvvoreeeeieveeeeeeseesseessosssesssssssssssssssssssssesssenessessoesseesssssssssssessons
28-Pin CERDIP (300 mi)......... .
32-Pin CERDIP (wide body) ..
40-Pin CERDIP (600 mil).........

40-Pin CERDIP (wide body) ...........cocorereeeee..

20-Pin Sidebraze DIP (300 Mil) .........cccocvereennns
22-Pin Sidebraze DIP (300 mil) ....

24-Pin Sidebraze DIP (300 mil)....

24-Pin Sidebraze DIP (600 mil) ...

28-Pin Sidebraze DIP (300 mil) ....

28-Pin Sidebraze DIP (400 mil)
28-Pin Sidebraze DIP (600 mil)
32-Pin Sidebraze DIP (600 mil) ....
32-Pin Sidebraze DIP (400 mil) ....
32-Pin Sidebraze DIP (300 mil} ....
40-Pin Sidebraze DIP (600 mil) ....
48-Pin Sidebraze DIP (400 mil) ....
48-Pin Sidebraze DIP (600 mily ....
64-Pin Sidebraze DIP (900 mil) ....
64-Pin Topbraze DIP (900 mil)
68-Pin Sidebraze DIP (600 mil)

68-Lead Plastic Pin Grid Array (cavity up)......
84-Lead Plastic Pin Grid Array (cavity up)......
208-Lead Plastic Pin Grid Array (cavity up)

68-Lead Pin Grid Array (CAVILY UP) c.o.eeerererereerenneirerseescscssisese et ienensee i esisns s sessssenen 22

68-Lead Pin Grid Array (cavity down).................... 28
84-Lead Pin Grid Array (cavity up — 12 x 12 grid) 23
84-Lead Pin Grid Array (cavity down).................... 29
84-Lead Pin Grip Array (cavity up — 11 x 11 grid) 24
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PAGE
MONOLITHIC PACKAGE DIAGRAM OUTLINES (Continued)

PKG. DESCRIPTION

G84-4 84-Lead Pin Grid Array (cavity down — R3010A) ..............c.... e 30
G108-1 108-Lead Pin Grid Array (cavity up) .....c...cccoveueeenee e 25
G144-1 144-Lead Pin Grid Array (cavity down).. 31
G144-2 144-Lead Pin Grid Array (cavity up) ......cccceuvenee. e 26
G208-1 208-Lead Pin Grid Array (cavity Up — R30071) .....ccoorecieeererrceceese et se et e s 27
G208-2 208-Lead Pin Grid Array (Cavidy dOWN) .......cccoerruirimnimminiininie s e seesssssnsisseneas 34
S0O16-1 16-Pin Small Outling IC (QUII WINQ) .......cccoorivirininiiniiiiiiiir e e 38
S016-2 16-Pin Small Outling IC (J-DENA) ....c.oiiiiiiiere e e e 41
S016-5 16-Pin Small Outline IC (EIAJ — .0315 pitch) ..... .. 40
S0O16-6 16-Pin Smali Outline IC (EIAJ — .050 pitch) ....... ... 40
S0O18-1 18-Pin Small Qutline IC (gull wing).................. 38
SO18-6 18-Pin Small Outline IC (EIAJ — .050 pitch) ... ... 40
S020-1 20-Pin Small Outline IC (J-bend).........cccuuee. e A
S020-2 20-Pin Smalt Outline IC (gull wing) ........cceuee.. e 38
S020-5 20-Pin Small Outline IC (EIAJ — .0315 pitch) ..... ... 40
S$020-6 20-Pin Small Qutline IC (EIAJ — .050 pitch) .............. ... 40
S024-2 24-Pin Smali Outline IC (gull WiNg) ......cccoveveeurererrnnne .. 38
S024-3 24-Pin Small Outline IC (gull wing) .... .. 38
S024-4 24-Pin Small Outline IC (J-bend)...................... e A4
S024-5 24-Pin Small Outline IC (EIAJ — .0315 pitch) ..... . 40
S024-6 24-Pin Small Outline IC (EIAJ — .050 pitch) ....... ... 40
5028-2 28-Pin Small Outline IC (gull wing)............... 39
S028-3 28-Pin Small Outline IC (gull wing)............... 39
S028-4 28-Pin Small Outline IC (J-bend — 350 mil) ... 42
S028-5 28-Pin Small Outline IC (J-bend — 300 mil) ... 42
S028-6 28-Pin Small Outline IC (EIAJ — .050 pitch) ... . 40
S032-2 32-Pin Small Outline IC (J-bend) ..................... e 42
S048-1 48-Pin Smalt Outline IC (SSOP — guli wing) ...... . 43
S0O56-1 56-Pin Smal! Outling IC (SSOP — QUIIWING) ...coveeiiirinrereerrreeeieiene st aere e see e senseenes 43
J18-1 18-Pin Plastic Leaded Chip Carrier (rectangular) ..........cccoeeeververvrereeiierenseneiniinseesrereseeeseenes 48
J20-1 20-Pin Plastic Leaded Chip Carrier {(square) 47
Jag-1 28-Pin Plastic Leaded Chip Carrier (square) 47
J32-1 32-Pin Plastic Leaded Chip Carrier (reCtanguIAr) .........cccveveeveeeeeveeeeeeereseseessesseveeseeecesernaeens 48
J44-1 44-Pin Plastic Leaded Chip Carrier (square)........... e 47
J52-1 52-Pin Plastic Leaded Chip Carrier (square) ... 47
J68-1 - 68-Pin Plastic Leaded Chip Carrier (square)... 47
J84-1 84-Pin Plastic Leaded Chip Carrier (square)... 47
L20-1 20-Pin Leadless Chip Carrier (rectangular) .........ccccoveerevvevrenennecicrnnanas eoverrerronent 21
L20-2 20-Pin Leadless Chip Carrier (square) .........cceeveuereene bty . 19
L22-1 22-Pin Leadless Chip Carrier (rectangular) ..... e 21
L24-1 24-Pin Leadless Chip Carrier (rectangular) ..... 21
L28-1 28-Pin Leadless Chip Carrier (square) ......... e 19
L28-2 28-Pin Leadless Chip Carrier (rectangular)..........c.coceveiriiiriininimnicnnensrene s e 21
L32-1 32-Pin Leadless Chip Carrier (rectangular) ...........ccoccoueviiieineenecenenreeneeniercesssssonns e 21
L44-1 44-Pin Leadless Chip Carrier (square) ......... w19
L48-1 48-Pin Leadless Chip Carrier (square) ..... 19
L52-1 52-Pin Leadless Chip Carrier (square) ..... 20
L52-2 52-Pin Leadless Chip Carrier (square) ..... 20
L68-1 68-Pin Leadless Chip Carrier (square) ..... . 20
L68-2 68-Pin Leadless Chip Carrier (SQUAIE) .........ccoocerirminninecienin e i eessass e 20




PAGE
MONOLITHIC PACKAGE DIAGRAM OUTLINES (Continued)

PKG. DESCRIPTION

E16-1 16-Lead CERPACK 16
E20-1 20-Lead CERPACK 16
E24-1 24-Lead CERPACK 16
E28-1 28-Lead CERPACK 16
E28-2 28-Lead CERPACK 16
CQ68-1 68-Lead CERQUAD (straight 18adS) .........coiiieiieiieiiee ettt 17
CcQ84-1 84-Lead CERQUAD (J-beNd) ......coouirimiiriiiiieciecneenrtseententcecrencei e sne s 18
F20-1 20-Lead FIAEPACK ....oceeeeeeeeee ettt e e b b st s e s e e e ebeasannes 8
F20-2 20-Lead FIatpack (.295 DOAY) ......ccceremrerrirerieeeeieeseeesre st seesentesesteeran s s ess s eatsesseene 8
F24-1 24-18a0 FIAIPACK ...cnveeeieeeeeee ettt et et e n e 8
F28-1 28-L8a0 FIAIPACK ....cceeeeeecrce ettt st e et e e et nr e 8
F28-2 28-L2ad FIAtPACK ....ooveieice ittt sttt e b e s e e 8
F48-1 48-L.ead QUAd FIGPACK ..eueruvererireereeririnenieeneeressssreeressesarseesrensresssresaessesasenessens srasressssensessenses 9
F64-1 64-Lead QUAd FIAPACK ...c.c..ouciriiieiriiireet ettt ettt b et 9
F68-1 68-Lead QUAd FIAPACK ...c.cccevrmirireccrriirtreeie ettt ettt est st et ss et b et st bbb 10
F68-2 68-Lead Quad Flatpack (Straight 18adS) ........ccceveererreerineiiner ettt seeneaes 11
F84-1 84-Lead Quad Flatpack (cavity down) ........coceeveeeerveerencreienceenencnenas ettt e 12
F84-2 84-Lead Quad Flatpack (CaVity UP) ...coeveerereercrererenrmeceecrs e e e 13
F172-1 172-Lead Quad Flatpack (cavity Up — RB0071) ..cccoerriiriiieineniereeeene et eeest v 14
F172-2 172-Lead Quad Flatpack (cavity down — R3000A) .......c.ccruerermmtrmeeencnirenieeerereeeesescereeeeenans 15
PQ80-2 80-Lead Plastic Quad FIatpack (IEAJ) ..ottt 45
PQ100-1 100-Lead Plastic Quad Flatpack (JEDEQC) ......c.cooievieirieieeenierie e ecer e st 44
PQ100-2 100-Lead Plastic Quad FIAtpack (EIAJ) ....oc.eeiceieeeeeeeeeeeeee ettt e ettt 45
PQ120-2 120-Lead Plastic Quad Flatpack (EIAJ) .....c..ccoviiieceeeeccre e 45
PQ128-2 128-Lead Plastic Quad Flatpack (EIAJ) .....c..ceomiiieeeecercrteit et 45
PQ132-1 132-Lead Plastic Quad FlIatpack (JEDEQC) .....cc.coceeveririerereneeirieeesenecree st e neesnsnee s e 44
PQ144-2 . 144-Lead Plastic Quad FIatpack (EIAJ) .....ccverueiirrieeieneereteienteiaen e sieseeresiieseseessensessesaenne 46
PQ160-2 160-Lead Plastic Quad FIatpack (EIAJ) .....c.oveoiriieieeeere e eeeteer et e e 46
PQ184-2 184-Lead Plastic Quad FIAtPack (EIAJ) ....cecvvveuirrieienirereerinieresreieiceice et e e esr e enens 46
PQ208-2 208-Lead Plastic Quad Flatpack (EIAJ) .......coeveireieirreererniininiereese ettt erenesneneens 46

4.2 3
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Integrated Device Technology, Inc.

PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES

F D
T H‘*"‘M‘N————‘
E

e

T

+ 1

e
{

T

81——-!

A
SEATING PLANE‘,—N*
L

b,

NOTES:

l

5

P
AR

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

3. THE MINIMUM LIMIT FOR DIMENSION b1 MAY BE .023 FOR CORNER LEADS.

16—28 LEAD CERDIP (300 MIL)

DWG # D16—1 D18—1 D20-1 D221 D24—1 D28—3
Z OF LDS (N) 16 18 20 22 24 28
SYMBOL MIN | MAX | MIN ] MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
A 140 | .200| .140 | .200| .140 | .200| .140 | .200] .140 | .200 | .140 | .200
b .015 | .021] .015 | .021| .015 | .021| .015 | .021| .015| .021] .015 | .021
b1 038 .060] .038| .060| .038 | .060| .045| .060 | .045 | .065 | .045 | .065
C .009 | .012 | .009 | .012 | .009 | .012 | .009 | .012 | .009| .014 | .009 | .014
D 750 | .830 .880 | .930 | .935 | 1.060]1.050] 1.080] 1.240] 1.280]1.440] 1.490
E 285 .310| .285| .310| .285| .310| .285| .310 | .285] .310 | .285 | .310
El 290 | .320| .290 | .320.290 | .320[ .300 | .320| .300| .320| .300 | .320
e 100 BSC | .100 BSC | .100 BSC | .100 BSC | .100 BSC | .100 BSC
L 125 175 125] 175 125] 175 .125] 175] 125] 175 .125] 175
L1 150 — | .50 — | .150| — |.150| — | .150| = | 150 =
Q .015 | .055] .015 | .055] .015 | .060| .015 | .060| .015 | .060| .015 | .060
S 020 | .080] .020| .080 .020 | .080| .020| .080| .030| .080 | .030 | .080
St 005 — [.006] — [.0056] — [.006] — |.006] — [.005] —
o o 15 0 [15]0 |[15] 0 | 15| 0|15 015

4.3




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

24—40 LEAD CERDIP (600 MIL)

DWGC # D24—2 D281 D40—1
7 OF LDS (N) 24 28 20
SYMBOL MIN [MAX | MIN | MAX | MIN | MAX

A 090 |.190 | .090 | .200 | .160] .220
b 014 |.023 | .014 | .023 | .014[ .023
b1 038 |.060 | .038 | .065 | .038] .065
C 008 |.012 | .008 | .014 | .008| .014
D 1.230 |1.290 |1.440 | 1.490| 2.020| 2.070
E 500 |.610 | .510 | .545 | .510] .545
E1 590 |.620 | .590 | .620 | .590| .620
e 100 BSC 100 BSC 100 BSC
L 125 [.200 | .125 | .200 | .125] .200
L1 150 | — | 150 | = | 50| =
Q .015 |.060 | .020 | .060 | .020[ .060
S 030 |.080 | .030 | .080 | .030] .080
S 005 | = |.005| — | .005] —
o 0" | 15 0" 15" 0 | 15

28—40 LEAD CERDIP (WIDE BODY)

DWG # D28-72 D321 D40—2
OF LDS (N) 28 30 40
SYMBOL MIN | MAX | MIN | MAX | MIN | MAX

A 090 |.200 | .120 | .210 | .160] .220
b 014 |.023 | .014 | .023 | .014| .023
b1 .038 |.065 | .038 | .065 | .038] .065
C 008 |.014 | .008 | .014 | .008| .014
D 1.440 |1.490 |1.625 | 1.675] 2.020] 2.070
E 570 |.600 | .570 | .600 | .570] .600
E1 590 [.620 | .590 | .620 | .590] .620
e 100 BSC 100 BSC 100 BSC

L 125 [.200 | .125 | .200 | .125] .200
L1 150 | — | .150 | — | 150 —

Q 020 |.060 | .020 | .060 | .020]| .060
S 030 |.080 |.030 | .080 | .030] .080
St 005 | — |.006 | - | .005] —

o 0 | 15 0" 15" 0 | 15

4.3




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

20—-32 LEAD SIDE BRAZE (300 MIL)

' D
|
A c e/
T N
E
1

| NN WD SR G G g SRR fup Suld (p SN Ry U R SNUS g G |

e S—= =
LSZ *1 b1 | ‘
A

[]:i
. SEATING PLANE

e | C
e bA—-I L st j—— —— Bl =

NOTES:

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # C20—1 C22—1 C24—1 C28-1 C32—-3
# OF LDS (N) 20 22 24 28 32

SYMBOL MIN | MAX ] MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
A .090 | .200 ] .100 | .200 | .090 | .200 | .090 | .200 | .090 | .200
b .014 | .023 ] .014 | .023 | .015 | .023 ] .014 | .023 ] .014 | .023
b1 .040 | .060 ] .040 | .060 ] .040 | .060 | .040 | .060 | .040 | .060
c .008 | .015] .008 | .015 | .008 | .015 ] .008 | .015 | .008 | .014
D .970 | 1.060]1.040 | 1.120]1.180 | 1.230 ] 1.380 | 1.420 ] 1.580 | 1.640
E .260 | .310 | .260 | .310 | .220 | .310 | .220 | .310 | .280 { .310
E1 .290 | .320 ) .290 | .320 | .290 | .320 ] .290 | .320 ] .290 | .320
e .100 BSC .100 BSC .100 BSC .100 BSC .100 BSC
L 125 | .200 | .125 | .200 |} .125 | .200 | .125 | .200 |} .100 | .175
L1 150 - 150 - .150 - 150 - 150 -
Q .015 | .060 ] .015 | .060 ] .015 | .060 ] .015 | .060 | .030 | .060
S .030 | .065 | .030 | .065 | .030 | .065 ) .030 | .065 | .030 | .065
St .005 - .005 - .005 - .005 - .005 -
S2 .005 = .005 = .005 -~ .005 = .005 —

43



PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

28—48 LEAD SIDE BRAZE (400 MIL)

D N

Ao e e r

N

48 LEAD OPTION

I
L

| AD [ WU [y SN g SN (NN [ NGNS [ SN [ WD QSN [y WD J SN [y SN fy S

S—e] |

_ESZ ——1 !-—-mr _ | ‘

} A

E1 1— - SEATING PLANE | |
—il— (-

ool

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC ~ BASIC LEAD SPACING BETWEEN CENTERS.

DWG # C28—2 C32-—-2 C48—1
# OF LDS (N) 28 32 48

SYMBOL MIN [ MAX | MIN | MAX | MIN | MAX
A .090 | .200 } .090 | .200 | .085 | .180
b .014 | .023 ] .014 | .023 | .014 | .023
b1 .040 | .060 | .040 | .060 | .040 | .060
C .008 | .014 | .008 | .014 | .008 | .014
D 1.38011.420]1.580 | 1.640 ] 1.680 | 1.730
E .380 | .420 ] .380 | .410 } .380 | .410
E1 .390 | .420 | .390 | .420 | .390 | .420
e .100 BSC .100 BSC .070 BSC
L 100 | 175 | 100 | 175 | 125 | 175
L1 150 - .150 - 150 -
Q .030 | .060 } .030 | .060 | .020 | .070
S .030 | .065 | .030 | .065 | .030 | .065
S .005 - .005 - .005 -
S2 .005 — .005 — .005 =
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

24—68 LEAD SIDE BRAZE (600 MIL)

D

-

s I s T e O e O e T s O e T e 1 e O s S e O e O e O s |

N

1

| NN [ M SN D g N g NN g UUNS g GRS R SN [ S Jp S Ry SEED j Su gy S )

S —=

=

Q

N

NOTES:

Lsz ——‘ !——?1

-

f*lr_i:}*

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

68 LEAD OPTION

SEATING PLANE

—]

E1

DWG # C24—2 C28-3 C32-1 C40-1 C48—-2 c68—1
# OF LDS (N) 24 28 - 32 40 48 . 68

SYMBOL MIN [ MAX | MIN | MAX | MIN | MAX I MIN | MAX | MIN | MAX | MIN | MAX
A .090 | 190 ] .085 | .190 | .100 | 190 | .085 | .180 | .100 | .190 | .085 | .190
b .015 | .023 | .015 | .022 | .015 | .023 } .015 | .023 | .015 | .023 | .015 | .023
b1 .040 | .060 | .038 | .060 ] .040 | .060 } .038 | .060 | .040 | .060 | .040 | .060
c .008 | .012 | .008 | .012 ] .008 | .014 | .008 | .012 | .008 | .012 | .008 | .012
D 1.180 [ 1.22011.380 | 1.430 ] 1.580 | 1.640 } 1.980 | 2.030] 2.370}{ 2.430] 2.380 | 2.440
E .575 | .610 | .580 | .610 | .580 | .610 ) .580 | .610 | .550 | .610 | .580 | .610
] .595 | .620 | .595 | .620 | .580 | .620 | .595 | .620 | .595 | .620 | .590 | .620
e .100 BSC .100 BSC .100 BSC .100 BSC .100 BSC .070 BSC
L 25 | 175 ] 125 | 175 ] 100 | 175 ) 125 | 175 | 125 | 475 | 125 | 178
L1 150 = .150 - .150 - 150 - .150 - .150 -
Q .020 | .060 § .020 | .065 | .020 | .060 } .020 | .060 ] .020 | .060 | .020 | .070
S .030 | .065 | .030 | .065 | .030 | .065 ] .030 | .065 | .030 | .065 ] .030 | .065
St .005 - -005 - .005 - .005 - .005 - .005 -
S2 .005 = .005 = .005 = .005 = .005 = .005 -
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

64 LEAD SIDE BRAZE (

900 MIL)

D

rarcr e

T[N

5

| S AN [ SEED R S gy MO Ry S

I g Dy N g Sy S w—

NOTES:

SEATING PLANE

f——(:;'—;__f

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # C64—1
# OF LDS (N) 64
SYMBOL MIN MAX

A 110 | .190
b .014 | .023
b1 .040 | .060
C .008 | .015
D 3.160 | 3.240
E .884 | .9015
E1 .890 | .920
e .100 BSC
L 125 | .200
L1 .150 —
Q .015 | .070
S .030 | .065
St .005 -
S2 .005 —

E1

43




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

64 LEAD TOP BRAZE (900 MIL)

[

s

i

NOTES:

el

E1

P
R
T £

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # C64—2
# OF LDS (N) 64

SYMBOL MIN MAX
A 120 | .180
b .015 .021
b1 .040 | .060
C .009 | .012
D 3.170 | 3.240
E .790 | .810
E1 .880 | .815
E2 .640 | .660
e 100 BSC
L 125 1 .160
L1 .150 —
Q .020 | .100
S .030 | .065
S1 .005 -
S2 .005 —

-
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PACKAGE DIAGRAM OUTLINES

FLATPACKS

20—28 LEAD FLATPACK

e

p4

1

NOTES:

A -

=— S1

=
L
rEfﬁ
b
E2

| [
!
L

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # F20—1 F20-2 F24—1 F28-1 F28—2

OF DS (N) 20 20 (.295 BODY) 2% 28 78

SYMBOL MIN ] MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
A 045 | .092 | .045 | .092 | .045 | .090 | .045 | .090 | .045 | .11
b 015 | .019 | .015 | .019 | .015 | .019 | .015 | .019 | .015 | .019
C .003 | .006 | .003 | .006 | .003 | .006 | .004 | .007 | .003 | .007
D — | 540 | - 540 | — | .640 | .710 | .740 | .710 | .740
E 340 | .360 | .245 | .303 | .360 | .420 | .480 | .520 | .480 | .520
E2 130 | — | 130 — |80 | - | 180 = |[.180 | =
E3 030 | — | .030 — |00 - |.040] = [.040] —
e .050 BSC 050 BSC | .050 BSC | .050 BSC | .050 BSC
K 006 ] .015 | .008 [ .06 | = | - | = = = =
L 250 | .370 | .250 | .370 | .250 |.370 | .250 | .370 | .250 | .370
Q 010 | .040 | .070 | .040 | .010 | .040 | .010 | .045 | .026 | .045
S — [.045 | - 045 | — |.045] — |.045| — | .045
St 000 | — | .005 — | .005] — |.006 | — [.005] =
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PACKAGE DIAGRAM

OUTLINES

FLATPACKS (Continued)

48—-64 LEAD QUAD FLATPACK

E

E2

D1_f PIN 1 ID

NOTES:

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # F48—1 F64—1
Z OF LDS (N) 48 64
SYMBOL MIN | MAX | MIN ] MAX
A —.089 | 108 | .070 | .090
Al 079 | .096 | .060 | .078
A2 058 | .073 | .030 | .045
b 018 | .022 | .016 | .020
C 008 | .010 | .009 | .012
D/E — | .750 | .885 | .915
D1 /E1 100 REF .075 REF
D2/E2 550 BSC .750 BSC
e 050 BSC .050 BSC
L 350 | .450 | .350 | .450
ND /NE 12 16

——iA1

Pt

- —

A2
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

68 LEAD QUAD FLATPACK

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWGC # F68—1
Z OF LDS (N) 68
SYMBOL MIN_ ] MAX
A 080 | .145
Al 070 | .090
b 014 | .02
C 008 | .012
D/E 1.640 | 1.870
D1,/E1 926 | .970
D2/E2 800 BSC
e 050 BSC
L 350 | .450
ND /NE 17
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

68 LEAD QUAD FLATPACK (STRAIGHT LEADS)

I 15, e
1 i
= =
Sl S
%\ =
AL
€ - | ;__ o

NOTES:

1. ALL DIMENSIONS ARE IN

‘INCHES, UNLESS OTHERWISE SPECIFIED

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWGC 7 F68—2
Z OF DS (N) 68
SYMBOL MIN | MAX
A 064 | .084
Al 054 | .070
b 008 | .013
C 0045 | .008
D/E .860 | 1.100
D1 /E1 460 | .500
D2/E2 400 REF
e .025 BSC
L 200 | .300
ND /NE 17

43 1"



PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)
84 LEAD QUAD FLATPACK (CAVITY DOWN)

D1
D2 ———— ] . — [et— A
e—t- — D3 —= /—PIN 1 INDEX MARK
1
= — A —
—— 1 A
—— o
e———— — E2 E1 E
- %—-—
b DET. "A” B
L — I \
] —
\
[ D * —— [ett— A1
D _—
7 OFWLGDS# ) Fast 1 NOTES:
= v 1. ALL DIMENSIONS ARE IN INCHES,
YMB IN_| MAX UNLESS OTHERWISE SPECIFIED.
A - 140 | 2. BSC — BASIC LEAD SPACING i
Al - 105 BETWEEN CENTERS. 078 WAX
b .014 | .020 | 3. CROSS HATCHED AREA INDICATES ] :
C 2007 | .013 INTEGRAL METALLIC HEAT SINK. {
D/E 1.485 | 1.615 ‘
D1 /E1 1.130 | 1.170 c
D2/E2 7.000 BSC
——
D3/E3 -500 BSC AT ég}t\ZZEMé)/iDs
e 050 BSC ,
L 350 | .450 DETAIL A
ND /NE 21

43 12



PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

84 LEAD QUAD FLATPACK (CAVITY UP)

[ D1 - ~—‘ —-— A
jjuuuuuuuuuluuuuuuuuuu N l
————] [
————5] E———
f ———5) PIN 1 | PIN 1 INDEX B=——
———] G———
————] ———
——5] (Cmm———
——) G————
———— G——
c———5 E———=
————5 C————
— R = E2 E1 E
——————9 [Srmmm———
——— [————
ee—] [E————
———h) E—
E3 c—— e
————— ——
————5] —
———) [———
ﬁhmﬂﬂﬁﬂﬁﬂﬂfﬁ?ﬂﬂﬂﬂﬂﬂﬁﬁﬂ A.,—i*
03 * — [et— A1
DWG # F84—2
# OF LDS (N) 84 c
SYMBOL MIN | MAX 012 MAX
A = 140 " AT BRAZE PADS
A1 - .105 "N
b 014 | .020 DETAIL "A
C .007 | 013 | NoTeS:
D/E 1.485 | 1.615 | 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
D1/E1 1.130 | 1.170 SPECIFIED.
D2/E2 1.000 BSC 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D3/E3 -500 BSC 3. CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
) 050 BSC HEAT SINK.
L 350 | .450
ND /NE 21
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

172 LEAD QUAD FLATPACK (CAVITY UP — R3001)

D1
| —] A |
’4— D3 —=i /—PIN 1 INDEX MARK
]
"I" m""" II" “I" ya PIN 1
L ith — ;
—— = |
== [ S e 020 ¢
[——— i==== DET' "Al) »
b == — \
L
Y
e - ’ — ] AT |
DWG # F172-1
Z OF LDS (N) 172 NOTES:
SYMBOL MIN [ MAX 1. ALL DIMENSIONS ARE IN INCHES,
A - 130 UNLESS OTHERWISE SPECIFIED.
Al = 105 | 2. BSC — BASIC LEAD SPACING
b 006 | .010 BETWEEN CENTERS.
C 004 | .008
D/E 1.580 | 1.620 ] 018 MAX
D1 /E1 1135 | 1.165 }
D2/E2 7,050 BSC
D3/E3 525 BSC | c
e -025 BSC 008006
L 220 | .230 e .
NG/NE 13 AT BRAZE PADS
DETAIL A
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

172 LEAD QUAD FLATPACK (CAVITY DOWN — R3000A)

NOTE 3

/

D1
D2

-
i

D3

——

/— PIN 1 INDEX MARK

m
(o]

=

V.

LS

m
N
m

T

Y

3. CROSS HATCHED AREA INDICATES

DET. "A"\

—

.018 MAX

T

]

C

— ]

s D
DWG # F172—2
# OF_LDS (N) 172 NOTES:
_SYMBOL MIN [ MAX 1. ALL DIMENSIONS ARE IN INCHES,
A - 130 UNLESS OTHERWISE SPECIFIED.
Al - .105 2. BSC — BASIC LEAD SPACING
b .006 | .010 BETWEEN CENTERS.
C .004 .008
D/E 1.580 | 1.620 METALLIC HEAT SINK.
D1 /E1 1.135 | 1.165
D2/E2 1.050 BSC
D3/E3 .525 BSC
€ .025 BSC
L .220 | .230
ND /NE 43

.008+.006
AT BRAZE PADS

DETAIL A

4.3

15



PACKAGE DIAGRAM OUTLINES

CERPACKS
16—-28 LEAD CERPACK
D - —e] A b—
——”——b —-[ f— 31 ——| ~=—Q
INIBIRIBIRIRIRIBIEI |
L

1 L

IR 1

K —o] f-— € -— — S fe— C

NOTES:
1. ALL DIMENSION ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # E16—1 £20—1 E24—1 E28—1 E28—2
Z OF DS (N) 16 20 24 28 28
SYMBOL MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

A .055 | .085 | .045 | .092 | .045 | .090 | .045 | .115 ] .045 | .090
b 015 ] .019 )] .015 | .019 ] .015 | .019 ] .015 | .019 | .015 | .019
C .0045| .006 }.0045| .006 |.0045| .006 | .0045| .009 | .0045| .006
D .370 | .430 - .540 - .640 - .740 - .740
E .245 | .285 | .245 | .300 | .300 [ .420 | .460 | .520 ] .340 | .380
E1 - .305 = .305 - .440 = .550 - .400
e .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC

K .008 | .015 | .008 | .015 | .008 | .015 {1 .008 | .015 | .008 { .015
L .250 | .370 ] .250 | .370 | .250 | .370 | .250 | .370 ] .250 | .370
Q .026 | .040 ] .026 | .040 | .026 | .040 ]| .026 | .045 ] .026 | .045
S - .045 - .045 - .045 - .045 - .045
S1 .005 - .005 - .005 - .000| - .005 -

43 16



PACKAGE DIAGRAM OUTLINES

CERQUADS

68 LEAD CERQUAD (STRAIGHT LEADS)

7 Ty

NOTES:

e
f

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # CQ68—1
Z OF LDS (N) 68
SYMBOL MIN ]| MAX
A 115 | .165
b 008 | .013
C 0045 | .008
D/E 860 | 1.100
D1 /€1 460 | .500
D3/E3 400 REF
e 025 BSC
L 200 | .300
ND /NE 17

4.3 17



PACKAGE DIAGRAM OUTLINES

CERQUADS (Continued)

84 LEAD CERQUAD (J-BEND)

.040 X 45°
I |
€

E=

D D1 D3 +

| 6 § o | ) s § | @ 8 ) o o ot §

! E3 |
E1
E 1
i |
Lo I i |
o] i
| 5 b
[ D2/E2 -
DWG 7 CaBA—1 NOTES:
# OF LDS (N) 84 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SYMBOL MIN_| MAX SPECIFIED
A 155 | .200 ey WEEN:
L s T550 2. BSC — BASIC LEAD SPACING BETWEEN: CENTERS.
b1 022 | .032
b 013 | .023
C 006 | .013
D/E 1.170 | 1.190
D1 /E 1138 | 1.162
D2/E2 1.100 | .1.150
D3/.E3 1.000 BSC
e _050 BSC
ND /NE 21

43 18



PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS

h X 45°
3 PL

B2 —f

.
!
EAR

NOTES:

__I—e1
AN

——{-81

-+
h

f
LL —~| A

o

m
(o]

fe— D1 —]

m

ANaD

1. ALL DIMENSIONS ARE [N INCHES, UNLESS OTHERWISE SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

20—48 LEAD LCC (SQUARE)

DWG # £20—2 £28-1 (441 £48-1
OF LDS (N) 20 28 14 48
SYMBOL MIN | MAX T MIN [ MAX ] MIN T MAX | MIN | MAX
A .064 [.100 [.064 | .100 |.064 | .120 [.055 [.120
Al .054 [.066 | .050 |.088 |.054 [.088 |.045 [.090
B1 .022 [.028 [.022 |.028 |.022 [.028 |.017 [.023
B2 .072 REF .072 REF .072 REF .072 REF
B3 .006 |.022 |.006 [.022 [.006 [.022 |.006 |.022
D/E .342 |.358 | .442 | .460 | .640 [.660 | .554 | .572
D1/E1 .200 BSC .300 BSC .500 BSC .440 BSC
D2/E2 .100 BSC .150 BSC .250 BSC .220 BSC
D3/E3 — [.358 — ].460 — [.560 |.500 ].535
e .050 BSC .050 BSC .050 BSC .040 BSC
el 015 | = 015 | — .015 | = 015 | =
h .040 REF .040 REF .040 REF [ .012 RADIUS
J .020 REF .020 REF .020 REF .020 REF
L .045 [.055 [.045 [.055 | .045 [.055 |.033 [.047
L1 .045 |.055 [.045 |.055 |.045 [.055 |.033 |.047
L2 .077 1.093 |.077 [.093 | .077 |[.093 | .077 [.093
L3 .003 [ .015 |.003 ].015 |.003 [.015 |.003 |.015
ND /NE 5 7 11 12

43
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

52—68 LEAD LCC (SQUARE)

DWG # L52—1 L52—2 L68—2 L68—1
# OF LDS (N) 52 52 68 68
SYMBOL MIN~ T MAX ] MIN"TMAX_ ] MIN T MAX_ | MIN"_ [ MAX
A .061 |.087 [.082 | .120 |.082 [.120 |.065 [ .120
Al .051 |[.077 | .072 | .088 |.072 [.088 |.055 [.075
B1 .022 [.028 |.022 [.028 [.022 [.028 ] .008 [.014
B2 .072 REF .072 REF .072 REF .072 REF
B3 .006 [.022 |.006 [.022 |.006 [.022 |.006 [.022
D/E 739 | .761 |.739 | .761 | .938 |.962 | .554 | .566
D1/E1 .600 BSC .600 BSC .800 BSC .400 BSC
D2/E2 .300 BSC .300 BSC .400 BSC .200 BSC
D3/E3 — ] .661 - ] .661 - [.82 | - 1.535
e .050 BSC .050 BSC .050 BSC .025 BSC
el .015 | — 015 | — .015 | - .015 | —
h .040 REF .040 REF .040 REF .040 REF
J .020 REF .020 REF .020 REF .020 REF
L .045 ].055 |.045 ].055 | .045 [.055 | .045 [.055
& .045 [.055 [.045 |.055 | .045 |.055 |.045 |.055
L2 .077 ].093 |.075 |.093 |.077 [.093 |.077 |.093
L3 .003 | .015 [.003 |.015 |.003 |.015 ].003 |.015
ND /NE 13 13 17 17
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

J X 45°

T

B2 —*ﬂ

rp—

L2

+

-

h X 45°

3 PL "_TA1

| A

!
E2
E1 E

Q|

-— D3 )
NOTES: %_[ L3
1.  ALL DIMENSIONS ARE [N INCHES, UNLESS OTHERWISE SPECIFIED. .
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS. __F
20—32 LEAD LCC (RECTANGULAR) 53*‘ L“
DWG # L20-1 L22-1 L24-1 L28-2 L32-1
# OF LDS (N) 20 22 24 28 32
SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
A .060 | .075 | .064 | .100 | .064 | .120 | .060 | .120 | .060 | .120
Al .050 | .065 | .054 |.063 | .054 | .066 | .050 |.088 | .050 |.088
B1 .022 |.028 |.022 |.028 | .022 |.028 |.022 |.028 | .022 |.028
B2 .072 REF .072 REF .072 REF .072 REF .072 REF
B3 .006 |.022 | .006 |.022 | .006 |.022 | .006 |.022 | .006 |.022
D .284 | .296 | .284 | .296 | .292 | .308 | .342 | .358 | .442 | .458
D1 .150 BSC .150 BSC .200 BSC .200 BSC .300 BSC
D2 .075 BSC .075 BSC .100 BSC .100 BSC .150 BSC
" D3 — .280 — .280 — .308 — .358 — .458
E 420 | .435 | .480 | .496 | .392 | .408 | .540 | .560 | .540 | .560
E1 .250 BSC .300 BSC .300 BSC .400 BSC .400 BSC
E2 .125 BSC .150 BSC .150 BSC .200 BSC .200 BSC
E3 — [.410 — [.480 ) - 408 ] - [.558 ] — [.558
€ .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC
el 05 — o5 = o057 = JTois5] — T.oi5 ] =
h .040 REF .012 RADIUS .025 REF .040 REF .040 REF
J .020 REF .012 RADIUS .015 REF .020 REF .020 REF
L .045 [ .055 | .039 | .051 .040 | .050 | .045 | .055 | .045 | .055
L1 .045 | .055 | .039 | .051 | .040 [.050 |.045 |.055 | .045 | .055
L2 .080 | .095 | .083 |{.097 | .077 |.093 }.077 |.093 | .077 |[.093
L3 .003 [.015 | .003 |.015 | .003 [ .015 |} .003 | .015 | .003 | .015
ND 4 4 5 5 7
NE 6 7 7 9 9

4.3

21



PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS

68 PIN PGA (CAVITY UP)
BOTTOM VIEW — 281

TOP VIEW
1.2 3 45 6 7 8/9 10 11
L[ OEEEOCEE® )
KIOO@EEOO®OOEE® - o
ifolo; OO o :
HEO @O |
J[0]0; n ©0]0,
FIOQ— —ota: T—— T ———
E|@® ®OO
I[O]O; 0]0;
c|®@ @O |
BlE@EOOO®OO®EO® |
Al @OEE®EEE® | /v
| \ /
o1 ' PINI1 D =
° !
il I
SEATING PLANE f
c HJL 1
| #B2 —-H-—- #B —-1 e |~—
DWG # G68—1
# OF PINS (N) 68 NOTES: :
SYMBOL MIN MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A .070 | .145 SPECIFIED.
7B .016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
#B1 — .080 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
B2 040 | .060 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
D/E 1140 | 1.180 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1/E1 1.000 BSC ‘
e .100 BSC
L 120 | 140
M 11
Q .040 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY UP — 12 X 12 GRID)

BOTTOM VIEW #B1 TOP VIEW
1.2 3 4 5 6,7 8 9 10/11 12 .
MEEEOEEOCPEEECO®
LHEEEOEEEEEE®EE®E
KO 010]0)
ilolo! 010)
|83 50
G E1 E
FIOO + 0]0) +
31610} 010}
Jlolo 010}
c|@O® 010]0)
Jlolololo]0l0 0]0]0101010)
ADOOEOEEPEEEO® A
%1 PIN 1 ID

£

SEATING PLANE '
L

DWG # G841
# OF PINS (N) 84
SYMBOL MIN_[ MAX
A .077 | 145
9B - .016 | .020
9B1 .060 | .080
282 .040 | .060
D/E 1,180 [ 1.235
D1/E1 1.100 BSC
e .100 BSC
L 120 [ 140
M 12
Q .025 | .060

[—

NOTES:
ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE

1.

oR N

SPECIFIED.

JTL

m |

ol

BSC — BASIC LEAD SPACING BETWEEN CENTERS.
SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
SYMBOL "N” REPRESENTS THE NUMBER OF PINS

CHAMFERED CORNERS ARE IDT'S OPTION.

%
7

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY UP — 11 X 11 GRID)

BOTTOM VIEW — ¢B1 TOP VIEW
12345678/9—10L\ .
LOOOEOO®OEEO®
KIQ@O@E@O®OEOEOE
OO O®G 0]0,
H@© @O
J[0]O]0] 0]OI0] ] o _
OOO— + —O00t o«
El@@O @OO
I[O]O; ©0]0,
c|@@ O®E ©O
:HOIO0]0I0I0I0I0I00]0]0;
ADOEEEMOEEEEO® u A
[ | -
D1 PIN 1 ID
D < i
£ | A
SEATING PLANE * !
Lt Al |
b e e e
DWG # G84—3
# OF PINS (N) 84
SYMBOL MIN MAX
A .070 | .145 NOTES: :
28 .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
?B1 — .080 SPECIFIED. :
2B2 .040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.080 | 1.120 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 1.000 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
e 100 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
L 120 | .140
M 11
Q .040 | .060

43
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PACKAGE DIAGRAM OULTINES

PIN GRID ARRAYS (Continued)

108 PIN PGA (CAVITY UP)

BOTTOM VIEW oB1 TOP VIEW
12 3 45 6,7 8 9 104112 .
MEOOOOEOOEOEEEE®
LOOE@OEEOOEEOEOE®
KI©OO@OOOEEOEEOEO®E
J@OOO 0]OI0]
{OI0]0) OO
6|@QOO 1 OEE| & £ 1
FIOOO @O
E[OO@O 0]0]0;
JIOIO]O) 0]OI0]
cl@EEOOEOEOEOOOEE
BlOOOOOEOEE®EE
APOOEOOEEEOEO® /fv
D1 PIN 11D
D f
| L ° ,;
SEATING PLANE = ‘llﬁ-L H m
' e el
DWG # G108—1
OF PINS (N) 08
SYMBOL MIN | MAX NOTES:
X 550 145 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
98 016 | .020 SPECIFIED.
~51 — T 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
52 575060 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
Vs e k) 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
51/ e 5. CHAMFERED CORNERS ARE IDT'S OPTION.
e 100 BSC
C 20 | 140
Y 12
Q .040 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY UP — R3001)

BOTTOM VIEW oB1 TOP VIEW
12 3 45 6 7 9 101112 13 14 15
ROOEEEEOOAOEPEEE®®
PIOO@OOOEOOOOOEEEE®®
NI@OEOEOEEEAEOEEEEEE
MEOE @O
L@E@E @O
KI@E@E OO
OO OO0, .
HEO® | OO +
6| @O OO
F] EXTRA PIN | OO
E@@@@/ 0]O]0]
[O]OI0; IRCIOIO]
cl@E@EEEOEOOEEEEE®E
:0]0]0J0]0I0I0I0I0I0I010010]0,;
APEOOEEEDAEEEEEE® AR
D1 PIN 1 ID
D
_L Q
| | ,
SEATING PLANE !
T WUHHHNHHUUH H
T s el
DWG # G144—2
Z# OF PINS (N) 145
SYMBOL MIN | MAX
A .082 125 NOTES:
28 .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
#B1 060 | .080 SPECIFIED.
982 040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.559 | 1.590 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 1,200 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
o 700 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
L 720 [ .140 6. EXTRA PIN (D—4) ELECTRICALLY CONNECTED TO D-3.
g .040 1|5 .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

208 PIN PGA (CAVITY UP)
¢B1

BOTTOM VIEW TOP_VIEW

123 4567 8 91011121314151617
H[C0/0/00/0,000000000 0% ==
2[0(0}0/010/010/010/0,0/0,0/0/000
4l0l0}0/0'0'0'6'00!0'0'6'0/0/0/0'0
N 000,
M
L
K
H LE1E =
H
G
F
E
D
(o]
B
A OO — /)'

|
! D1 - PIN 1 ID
D
1 o

Ay |

SEATING PLANE ‘ }
Lo

e

ITTTE

el

?B2
DWGC_# G208—1
Z OF PINS (N) 208
SYMBOL MIN | MAX
A 070 | .145
) 016 | .020 NOTES:
9B - 080 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
982 040 | .060 SPECIFIED.
B/c 1735 11.780 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D1 /ET 1600 BSC 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
A 50 Ben 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
: 5. CHAMFERED CORNERS ARE IDT'S OPTION.
L 125 | 140 .
M 17
Q .040 | .060

43
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

68 PIN PGA (CAVITY DOWN)

BOTTOM VIEW — ¢B1 TOP VIEW
1.2 3 45 6 7 8/9 10 11 .
[
1lclolololololofo)
KIO@O@OO®OEOEO® |
J@O ®@
HI®E ®E
6|®OO n OO ] u
FHo—— — E1E T
El@O® 0]0,
D@ @@
c|@® 0]0]
HOIOI0I0I0I0I0I0I0I0IC!
A OOEEOEEO® A
! T
D1 PIN 1 ID
D 1
Q1 I A
SEATING PLANE = =S| *
L J L |
982 ~—-“-—¢B el
DWG # GU68—2
# OF PINS (N) 68 NOTES:
SYMBOL MIN MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A 077 | .095 SPECIFIED.
9B 016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
981 060 | .080 3. SYMBOL "M™ REPRESENTS THE PGA MATRIX SIZE.
282 040 | 060 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
D/E 1.098 | 1.122 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1 /E1 1.000 BSC
e 100 BSC
L 120 | .140
M 11
Q1 .025 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY DOWN)

— > e

BOTTOM VIEW 2B1 TOP VIEW
1 2 3 45 6,7 8 9104112 |
MOOOEEOOEOEE®
LIOO@EOEEEEOOO®E®
K|I@O@O @O
IO 0]0,
lote 56
G E1 E
OO T T O0 -+
EO@O OO
JIOION 0]0;
0@@2 GEE
B@@O@@®@@@@@@
APOCOEEOEEOEOED® J}
D1
PIN 1 ID
D — Q1
SEATING PLANE { : M 5T
L} A‘ L
#B2 ——-H—— 2B ——I e |~—
DWGC # G84—2 '
# OF PINS (N) 84 NOTES:
SYMBOL MIN_| MAX . 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A 077 | .145 SPECIFIED.
B .016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
#B1 060 | .080 - 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
282 040 | .060 4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
DJE 1.180 1 1.235 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1 /E1 1.100 BSC :
e 100 BSC
L 120 | .140
M 12
Q1 025 | .060

43
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY DOWN — R30104)

BOTTOM VIEW #B1 ‘ - TOP_VIEW

1.2 3 45 6,7 8 9104112
MOEOOEOOEEO®EE®
LIOOOOEEOEEOE®E®
KIO@E® ©EO
JOO 0]0]
H@O ®@
J[OIO) _‘_ @OE| g1 E
FI@O® 0]0O)
E[®O® O]0]
D|@® B0
cl@O®E 0]0]0;
HOIOIOIO0I0]0 0I0I0I0I0I0] |
N\[161610]0]0 0lololo 15 A
o NOTE 5‘/ PIN 1 1D
0 Q1 . , ‘
, ( - | A
SEATING PLANE ! = = | *
L AI L
l  ¢B2 ——-H-—qu ——lel——
DWG # C84—4 - :
# OF PINS (N) 84 NOTES: v
SYMBOL MIN MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A 077 | .145 SPECIFIED.
2B 016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
#B1 060 | .080 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
282 040 | 060 4. SYMBOL "N" REPRESENTS THE NUMBER OF PINS
D/t 1180 11.235 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1 /ET 1700 BSC 6. CROSS HATCHED AREA INDICATES INTEGRALL METALLIC
Z 00 BSo HEAT SINK.
C 120 | .140 '
M 12
Q1 .025 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY DOWN)

BOTTOM VIEW TOP_VIEW
1 23 45 6 7 8 91011121314 15
RIOEOEEEEE®OEOEE®O®
PIOOOOEOOOOOEEEEOO®E
NOEOEEEEOEEEEEEE
MEOOE OOO| |
LI®OEE OO
KI®OE@® OO
JHEOOE OOO|, ¢
HOOSG—— + & -
6|OOO 0]0J0;
FIOO®OO OO
E[OQE@O 0]0]0;
DO 0]0]O]
cClOEOEEEEOEEEOEEOO®E
C1{0]0]0]0I0101010I0I0I0I0I0I0I0;
APOOEGOE | QOEOEE®H }
';1 PIN 1 1D
J_
‘ A
SEATING PLANE ' ! ? JFL | ” M
l [ —~f el
DWG # C144—1
OF PINS (N) Ta4
SYMBOL MIN | MAX
A 082 | 100
98 016 | .020 NOTES:
551 566 T 0801 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
782 040 | 080 SPECIEIED IC LEAD SPACING BETWEEN CENTERS
D%E 1'?3%0 18'3520 %: g\s(ﬁBOLB"AMS" REPRESENTS THE PGA MATRIX SIZE.
£ T 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
: T2 T 5. CHAMFERED CORNERS ARE IDT'S OPTION.
g1 025 115 060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY DOWN — RS30004)
BOTTOM VIEW 81 TOP_VIEW
1 2 3 456 7 8 9104112131415
Jlolololololololololofolololok:
4[0]0]0]0]0I0I0INI0I0I0I0I0I0]0.
NNOOOOEEEO®EOEEEEEE
MOOO 0]0]0;
LLOOG 0]0]0;
K@@ 0]OJO;
Hlololo] OO, .
HEEE | ololo]
6|@QOO @
F] EXTRA PIN OO
E@@@@/ @O
[O]O]O; @O
clPEEEEEEOEEEEEEE |
BlOO@@OEOOO®OOEE®O®E
N:lololololololvlolololololok: NV
1
D1 NOTE 7—/ PIN 1 ID ’
D
_L Q1
T
SEATNG PLaNE — ! -
‘ R ‘]FL |
| 962 ——“—— 8 ——| el
DWG # G144—3
& OF PINS (N) 145
SYMBOL MIN MAX
A .082 130 NOTES:
2B .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
2B1 .060 | .080 SPECIFIED.
982 .040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.559 | 1.590 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 1.200 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
e 200 BSC 5. 'CHAMFERED CORNERS ARE IDT'S OPTION.
3 720 | 140 6. EXTRA PIN (D—4) ELECTRICALLY CONNECTED TO D-3.
Vi 15 7. CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
Q1 .025 | .060 HEAT SINK.
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PACKAGE DIAGRAM

OUTLINES

PIN GRID ARRAYS (Continued)

175 PIN PGA (CAVITY DOWN — R30004)

BOTTOM VIEW @81 TOP VIEW
123 45678 910[12131415
RIOEOEEEEOOOEOEEEO®
PIOOEOEOEEEOEOEOEEEOEE
NNOEOEEEEEOEEEEEEE
MOEOEOEEEEEEEEEEE®
LIOEEE OO
KI@E@EE OO
fllolololo oloJolol
HEOE® | O]OIOIO]
4[0]0l0]0] EENOIOI0I0;
OO — T —OO00r
E[@O@O®E @OOO
[0]0]0]0]0]01010I0I0I0I0I0I0]0)
cl@OEEEEEEOEEEEEEE
EHOIOl0]01010]010I0]01010010]0;] :
Jifclolclolololalolololelolol | NV
D1 PIN 1 ID—"
D NOTE 6 /
j_
| A
" SEATING ‘
PLANE ' ! * JFL ” M
|l e —~lel-
DWG # G175—1
Z OF PINS (N) 775
SYMBOL MIN | MAX
A .082 130 NOTES:
#B .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
81 060 |. .080 SPECIFIED.
982 040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1559 | 1.590 | © 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1/E1 1.400 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
P 700 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
— 720 [ 140 6. CROSS HATCHEDAREA INDICATES INTEGRAL METALLIC
v -E HEAT SINK.
Qi 025 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

208 PIN PGA (CAVITY DOWN)

PVWOOMTMOIc XCrITZUVINA

BOTTOM VIEW / . TOP_VIEW
123 456 78 91011121314151617
0/0,0,00,0,0000,000000%
OARORORONORORARES| |
0/010(010,0/010/0/016/0/0/0/0100
0/0/0/010000'010'000'0/0/0'0
S con
ooo%o 00100
B! R +
0l00l0 0/010
0/000 00/0'0
0/0/0/0 0{0/0/0
0000 00100
0/0/0/0/0,0/0/010010/010.0/0/0'0
0/6/0/0/0/0/6/0/00/0/6/0/0/0'0/0:
0{0/010/0/0/0/0/0)/0/0/0/0/0/0/0,0,
/0,0/0/0/0/0/0/0/0/0/0/0/000' Pl
[ DI1 { PIN 11D
D
J__Q1
t A lil |
SEATING PLANE ! '
AR
| 982 —~ e R
DWG # G208—-2
# OF PINS (N)| 208
SYMBOL MIN MAX
A .070 145
. . NOTES: .
5581 0_16 8;8 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
982 .040 | .060 SPECIFIED. -
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D?éé 1'17%%0 1BS7§O 3. SYMBOL :M: REPRESENTS THE PGA MATRIX SIZE.
e 700 BSC 4, SYMBOL "N” REPRESENTS THE,NUMBER OF PINS
5. CHAMFERED CORNERS ARE .IDT'S OPTION.
L 125 | 140 »
M 17
Q1 .025 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES

16—32 LEAD PLASTIC DIP (300 MIL)

f—————————— )

N
Lo o oy oy ey oy oy m_j—{‘

D El E

I:lr"“u"ﬁ.r“'\_r"'u""l.r"ﬁ.r'“u‘_—*__{__

! i 4

| | —T}—SEATING PLANE )
D R SR

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. D & E1 DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

DWG # P16-1_ P22—1 P28—2 P32-2
# OF LDS (N) 16 22 28 32
SYMBOLS MIN MAX MIN MAX MIN MAX MIN MAX
A .140 165 .145 165 .145 .180 .145 .180
Al .015 .035 .015 .035 .015 -030 .015 .030
b .015 .022 .015 .022 .015 .022 .016 .022
b1 .050 .070 .050 .065 .045 .065 .045 .060
C .008 012 .008 .012 .008 .015 .008 .015
D 745 .760 1.050 1.060 1.345 | 1.375 ] 1.545 | 1.585
E .300 .325 .300 .320 .300 .325 .300 .325
El .247 .260 .240 .270 .270 .295 - 275 .295
€ .090 110 .080 110 .090 110 .090 110
eA .310 370 310 .370 310 .400 .310 .400
L .120 .150 120 .150 120 .150 120 .150
a (O 15 0 15 0 15 0 15°
S .015 .035 .020 .040 .020 .042 .020 .060
Q1 .050 .070 .055 .075 .055 .065 .055 .065

4.3



PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES (Continued)

et D——mm=

N

.-n-...r\...-n-..-n.,n-..-n-..-n...-n-..-n-._—*r

D E1 E

"L{'"‘U“"u"ﬁf"u""u""u"‘ir“'u"_—L

4 e +

A
* | j—f—‘L SEATING PLANE
L [

TJ.L L 3

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. D & E1 DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

18—24 LEAD PLASTIC DIP (300 MIL — FULL LEAD)

DWGC 7 P18—1 P20—1] P24—1
# OF LDS (N 18 20 24

SYMBOLS MIN MAX | MIN MAX | MIN MAX

A 140 165 | 145 765 | 145 [ .165

A .015 035 | _.015 .035 | _.015 | .035

b .015 .020 | _.015 020 | 015 [ .020

b1 .050 | .070 | .050 | .070 | .050 | .065

C 008 | .012 | 008 | .012 | .008 | .012

D 885 | 910 | 1.022 | 1.040] 1.240 | 1.255

E 300 | .325 | .300 325 | 300 | .320

E1 247 | .260 | .240 | .280 | .250 | .275

e 090 [ 110 | .090 | 110 | .090 [ .110

eA 310 370 | _.310 370 | .310 | .370

L 120 150 | .120 150 | 120 | .150

« 0 15° 0" 15" o 15°

S 040 | .060 | .025 | 070 | .055 [ .075

Q1 050 | .070 | 055 | 075 | 055 [ .070
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PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES (Continued)

24—48 LEAD PLASTIC DIP (600 MIL)

p24a—2 P2R—1 P30-1 P40—1_ P48—1

OF LEADS (N) 24 28 32 40 48

SYMBOLS MIN | MAX | _MIN | MAX | MIN | MAX MIN | MAX | MIN MAX
R 601185 | 160 1185 1170 [ .190 [ .160 | 185 | .170 | _.200
Al .015_|.035 | .015 | .035 | .015 | .050 | .015 | .035 | .015 | .035
b .015_[.020 | .015 | .020 [ .016 | .020 | .015 | .020 [ .015 | .020
b .050_|.065 | .050 | .065 | .045 | .055 | .050 | .065 | .050 | .065
C .008 | .012 | .008 | .012 | .008 | .012 | .008 | .012 | .008 | .012
D 1.240 [ 1.260 | 1.420 | 1.460 | 1.645 | 1.655 | 2.050 | 2.070| 2.420 | 2.450
E .600 | .620 | .600 | .620 | .600 | .625 | .600 | .620 | .600 | .620
E1 530 |.550 | .530 | .550 | .530 | .550 | .530 | .550 1 .530 | .560
e .090 | .110 | .090 | .110_ | .00 [ .110 [ .090 [ .110 | .090 | .110
eA 610 | .670 | .610 | .670_ | .610_| .670 | .610 | .670 | .610_ | .670
L 120 [ .150 | 120 [ 150 | .125 | .135 | .120 | .150 | .120 [ .150
o 0’ 15 0’ 15 0 15° 0 15° 0’ 15°
S .060 | .080 | .055 | .080 |.070 | .080 | .070 | .085 | .060_| .075
Q] 060 | 080 | 060 | 080 ] .065 | 075 | 060 | 080 1 .060 | .080

64 LEAD PLASTIC DIP (900 MIL)

DWG_Z P61
Z OF LEADS (N) 64

SYMBOLS MIN MAX
A 180 | .230
Al .015_| .040
b .015 | .020
b1 .050 | .065
C .008 | 012
D 3.200 | 3.220
3 900 | .925
1 790 | .810
e 090 | 110
eA 910 | 1.000
L 120 | 150
o 0 15°
S 045 | 065
Q1 080 | 090
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC

AAAAAARAARR o
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
N SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
3. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS
AND TO BE MEASURED FROM THE BOTTOM OF PKG.
4. FORMED LEADS SHALL BE PLANAR WITH RESPECT TO
° ONE ANOTHER WITHIN .004” AT THE SEATING PLANE.
P'N1jﬁHHHHHH
e
. l——— H
; h x 45 a\ .
| c ) "
I 1
alulijnininlaini I, H: e ]
_’1V_B Al j f L
SEATING PLANE & l-—
16—24 LEAD SMALL OUTLINE (GULL WING)
DWG # S016—1 S018—1 S020-2 S024—2 S024~3
# OF LDS (N)| 16 (.300) 18 (.300) 20 (.300”) | 24 (.300") | 24 (.300")
syMvBoL | MIN | MAX | MIN [ MAX | MIN | MAX | MIN | MAX | MIN | MAX
A .095 [.1043 | .095 [.1043 | .095 [.1043 | .095 [.1043 | .110 | .120
A1 .005 |.0118 | .005 |.0118 | .005 |.0118 | .005 [.0118 | .005 | .0118
B .014 |.020 | .014 |.020 | .014 |.020 | .014 |.020 | .014 | .020
c .0091 {.0125 | .0091{.0125 |.0091 |0125 |.0091|.0125 | .007 | .01
D 403 | .413 | 447 |.462 |.497 | .511 | .600|.614 | .620| .630
e .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC
E 292 |.2992 | .292 |.2992 |.292 |.2992 | .292 |.2992 | .295 | .305
h .010 | .020 | .010 |.020 | .010 |.020 | .010|.020 | .012 | .020
H 400 | .419 | .400 | .419 | .400 |.419 | .400|.419 | .406 | .419
L .018 |.045 | .018 |.045 | .018 |.045 | .018 |.045 | .028 | .045
a o 8’ o 8’ 0 g | o |8 | o 8'
S .023 |.035 | .023 |.035 |.023 |.035 | .023|.035 | .032 | .043

43
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

_.u!._s
10A1FAAHR o |

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

3. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS
AND TO BE MEASURED FROM THE BOTTOM OF THE PKG.

4. FORMED LEADS SHALL BE PLANAR WITH RESPECT TO
ONE ANOTHER WITHIN .004" AT THE SEATING PLANE.

P'th:eLHHHHHHH

h x 45'\| H -|
‘ rC \\ ;
1A JE== e ——
_—H-_BSEAHNG PLANE ] * ﬂ-M.—

28 LEAD SMALL OUTLINE (GULL WING)

DWG # S028—2 S028-3
# oF Lbs (N)] 28 (300" | 28 (.3307)
symBoL | MIN | MAX | MIN | MAX

A .095 |.1043 | .10 | .120

A1 .005 | .0118 | .005 | .014

B .014 | .020 | .014 | .019
c .0091 | .0125 | .006 | .010

D 700 | .712 | .718 |.728

e .050 BSC .050 BSC
3 292 |.2992 | .340 | .350
h .010 | .020 | .012 | .020

H 400 | .419 | .462 |.478

L .018 | .045 | .028 | .045

o 0 g | o 8

S 023 | .035 | .023 | .035
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PACKGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

16—24 LEAD SMALL OUTLINE (EIAJ — .0315 PITCH)

DWG # S016—5 S020-5 S024—5
# OF LDS (N) 16 20 24
SYMBOLS MIN [ MAX | MIN | MAX | MIN [ MAX
A .057 | .071 ] .069 | .083 | .069 | .083
Al .002 TYP .002 TYP .002 TYP
B .012 [ .020 | .012 [ .020 | .012 | .020
c .006 | .010 | .006 | .010 | .006 | .010
D 248 | 271 | .331 | .354 | .382 | .405
E 165 | .180 | .205 | .220 | .205 | .220
e .0315 BSC | .0315 BSC | .0315 BSC
H 232 | 256 { .295 | .319 | .295 | .319
L .010 - ] .010 - ].010 -
o 0 8 0 8 0 g8
16—28 LEAD SMALL OUTLINE (EIAJ — .050 PITCH)
DWG # S016—6 SO18—6 S020—6 S024—6 S028—6
# OF LDS (N) 16 18 20 24 28
SYMBOLS MIN | MAX | MIN | MAX | MIN [ MAX | MIN | MAX] MIN | MAX
A ,057] .071 ] .069 | .083 ] .069 | .083 | .069 [ .083] .083 | .098
Al .002 TYP .002 TYP .002 TYP .002 TYP .002 TYP
B .012] .020 1 .012 [ .020 ] .012 | .020 [ .012 | .020] .012 | .020
c .006 | .010 | .006 | .010 | .0o06 | .010 | .006 | .010] .006 | .010
D .382 | .406 | .437 | .453 | .480 | .504 | .580 | .603 | .720 | .740
E 165 | 180 | 205 | .220 | .205 [ .220 | .205 | .220) .290 | .300
e .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC
H 232 | 256 | .295 [ .319 | .295 | .319 | .295 [ .319| .378 | .402
L .010 - .010 - .00 - .010 - | .ot0 -
o 0 8 0 8" 0 8 0 8 0 8°

43
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

—] |=—s
nnnnnponnan , NOTES:
N 1. ALL DIMENSIONS ARE IN INCHES,
' UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN
CENTERS.
E1 E 3. D1 & E1 DO NOT INCLUDE MOLD FLASH
‘ OR ‘PROTRUSION AND TO BE MEASURED
‘ FROM THE BOTTOM OF THE PKG.
4, FORMED LEADS SHALL BE PLANAR WITH
L RESPECT TO ONE ANOTHER WITHIN 004"
TRIRIRIE N T, AT THE SEATING PLANE
PIN 1 — € |—

[t——————— D] —————— =

—# ~=—B (OPTIONAL) h X 45°

1
ijriiraitais (Pa—
TH SEATING PLANE =/ c
——-‘ L«m 025 MIN 2 —=]

16—24 LEAD SMALL OUTLINE (J—BEND)

DWG # S016—2 S020—1 S0Z4—%
# OF LDS (N) | 16 LD (.3007) | 20 LD (.3007) | 24 LD (.300")
SYMBOLS MIN | MAX | MIN | MAX | MIN | MAX
A 20 | 140 | 120 | 140 | 130 | .148
Al 078 | .095 | .078 | .095 | .082 | .095
B 020 | .024 | .020 | .024 | .026 | .032
B1 014 | .020 | .014 | .020 | .015 | .020
C 008 | .013 | .008 | .013 | .007 | .01
D1 400 | .42 | .500 | 512 | .620 | .630
3 335 | 347 | .335 | .347 | .335 | .345
El 292 | .300 | .292 | .300 | .295 | .305
E2 262 | .272 | .262 | .272 | .260 | .280

e .050 BSC .050 BSC .050 BSC
h 010 | .020 | .010 | .020 | .010 | .020
S .023 | .035 | .023 | .035 | .032 | .043
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

S——l F__
nooononononononnani ] NOTES:
N ' 1 1. ALL DIMENSIONS ARE IN INCHES,
UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING
BETWEEN CENTERS.
£1 g 3. D1 & E1 DO NOT INCLUDE MOLD
FLASH OR PROTRUSION AND TO
BE MEASURED FROM THE BOTTOM
OF THE PKG.
[ ) 4. FORMED LEADS SHALL BE PLANAR
NIRRT WITH RESPECT TO ONE ANOTHER
WITHIN .004” AT THE SEATING
PIN 1 —] € [-— PLANE.
o 4
~—! |-=—B (OPTIONAL) h X 45°
* C
Tus (— =+
]——’—’— SEATING PLANE X/ S
_’“"*31 .025 MIN -2 ——=
28—32 LEAD SMALL OUTLINE (J-BEND)
DWGC # S028-5 S028—4 S032~2
FOF (DS (N) | 28 LD (.3007)] 28 LD (.3507)| 32 LD (.3007)
SYMBOLS MIN | MAX | MIN | MAX | MIN | MAX
A 120 | 140 | 130 | .148 | .130 | .148
Al 078 | .095 | .082 | .095 | .082 | .095
B 020 | .024 | .026 | .032 | .026 | .032
B1 014 | .020 | .016 | .020 | .016 | .020
C 008 | .013 | .007 | .01 | .008 | .013
D1 700 | .712 | .720 | .730 | .820 | .830
E 335 | .347 | .380 | .390 | .330 | .340
E1 292 | .300 | .345 | .355 | .295 | .305
E2 262 | .272 | .310 | .330 | .260 | .275
€ 050 BSC 050 BSC 050 BSC
h . 012 | .020 | .012 | .020 | .012 | .020
S 023 | .035 | .023 | .035 | .032 | .043

43
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

48 & 56 LEAD SMALL OUTLINE (SSOP — GULL WING)

b"”“ e PIN 1
NOTES:
HHHHHHHHHHH HHHHHHHHHH 1. ALL DIMENSIONS ARE IN INCHES, UNLESS
OTHERWISE SPECIFIED.
— 2. BSC — BASIC LEAD SPACING BETWEEN
' O CENTERS.
3. D & E DO NOT INCLUDE MOLD FLASH OR
PROTRUSIONS.
4. FORMED LEADS SHALL BE PLANAR WITH
RESPECT TO ONE ANOTHER WITHIN .004”

AT THE SEATING PLANE.

SEATING PLANE:1 I L‘ L

~ DWG # S048—1 SO056—1
# OF LDS (N) 48 (.3007) 56 (.3007)
SYMBOL MIN MAX MIN MAX
A .095 110 .095 110
Al .008 .016 .008 .016
b .008 012 .008 .012
c .005 .009 .005 .009
D 620 .630 .720 730
E .291 299 .291 .299
e .025 BSC .025 BSC
H .395 .420 .395 .420
h .015 .025 .015 .025
L .020 .040 .020 .040
x 0 8 0 8"

43
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS

100—132 LEAD PLASTIC QUAD

FLATPACK (JEDEC)

NOTES:
ALL DIMENSIONS ARE IN INCHES, UNLESS

D2
' 0
D1
AnnAnaanaannang 7 1.
[ [ |
— 2
3.
E3 E1E E2 4
o ‘ ‘ 5.
S
a-H—— B (OPTIONAL)
)
C a A

(OPTIONAL)
DWG # PQ100—1 PQ132—1
# OF LDS (N) 100 132

SYMBOLS MIN | MAX ] MIN | MAX
A .160 | .180 ] .160 | .180
Al .020 | .040] .020 | .040
B .008 | .016} .008 | .016
b1 .008 | .0121] .008 | .012
C .0055| .008].0055| .008
D .875 | .885]1.075.| 1.085
D1 747 | 753 .947 | .953
D2 .897 | .903|1.097] 1.103
D3 .600 REF .800 REF
e .025 BSC .025 BSC
E .875 | .885|1.075] 1.085
E1 747 | .753| .947 | .953
E2 .897 | .903[1.097 1 1.103
E3 .600 REF .800 REF
L .020 | .030} .020 | .030
o 0’ 8 0 8

ND /NE 25/25 33/33

025 MIN _"”“bLJ L__— -

OTHERWISE SPECIFIED.
BSC — BASIC LEAD SPACING BETWEEN

CENTERS.

PIN 1 IDENTIFIER CAN BE POSITIONED AT

EITHER ONE OF THESE TWO LOCATIONS.

DIMENSIONS D1, D2, E1, AND E2 DO NOT
INCLUDE MOLD PROTRUSIONS. ALLOWABLE

MOLD PROTRUSIONS ARE AS FOLLOWS:

D1 & E1 = .010 MAX.

D2 & E2 = .007 MAX.

ND & NE REPRESENT NUMBERS OF LEADS
IN D & E DIRECTIONS RESPECTIVELY.

SEATING PLANE

4.3
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS (Continued)

80—128 LEAD PLAS_TIC QUAD FLATPACK (EIAJ)

D

i ﬂ

zununamaaaau

+fE—

HHHH

HHHH?

‘ES E1 3,

NOTES:

I 1. ALL DIMENSIONS ARE IN INCHES, UNLESS
OTHERWISE SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN

CENTERS.

D1 & E1 DO NOT INCLUDE MOLD PROTRUSION.

ALLOWABLE PROTRUSION IS .010 PER SIDE.

4. ND & NE REPRESENT NUMBERS OF LEADS IN
D & E DIRECTIONS RESPECTIVELY.

==——r | [5] THE 3.9mm FOOTPRINT IS STANDARD, HOWEVER

___1HHHHH
wlb-

w *

THE 3.2mm IS OPTIONAL & CAN BE REQUESTED.

5—16°

t |

A

N

|A1O7

I-L

DWG # PQB0O—2 PQ100—2 PQ120—2 PQ128—2
# OF LDS (N) 80 100 120 128
SYMBOLS MIN | MAX T MIN [ MAX | MIN [ MAX ] MIN | MAX
A 210 [ 124 ] 110 | 124 ] 136 | 156 | 136 | .156
A1 00| - Jwoto| - J.o0o] - [.ot0] —
A2 100 [ 120 | 100 [ 120 125 [ 144 | 125 | 144
c .005 | .008 | .005 | .008 | .005 | .008 ] .005 | .008
D .937 | .945 ] .937 | .945 [1.252] 1.260] 1.252] 1.260
D1 .783 | .791 ] .783 | .791 | 1.098] 1.106 ] 1.098] 1.106
D3 .724 REF .742 REF .913 REF .976 REF
E .701 | .709 1 .701 | .709 [ 1.252]1.260} 1.252 [ 1.260
E1 .547 | .555 ] .547 | .555 | 1.098] 1.106 | 1.098 ] 1.106
E3 .472 REF .486 REF .913 REF .976 REF
L .026 | .037] .026 | .037 | .026 | .037 | .026 | .037
ND /NE 16 /24 20/30 30/30 32/32
p .0315 Bsc | .026 BSC .026 BSC .0315 BSC
W .012 [ .o18] .012 ] .018| .012].018] .012 [ .018
ZD .032 .023 .094 .063
ZE .039 .032 .094 .063
ALT. D [5] | .909 [ .917 | .909 | .917 J1.224[1.232]1.224[ 1.232
ALT. E (5] | .673 ] .681 ] .673 | .681 | 1.224[1.232]1.224[1.232
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS (Continued)

144—208 LEAD PLASTIC QUAD FLATPACK (EIAJ)

DWG # PQ144—2 PQ160—2 PQ184—2 PQ208—2
4 OF LDS (N) 144 160 184 208
SYMBOLS MIN | MAX | MIN T MAX T MIN [ MAX | MIN [ MAX
A 136 | 156 ] 136 | 156 | 136 | .156 | .136 | .156
Al 00| — JT.owol - JT.o10] = [.o10] =
A2 125 | 144 | 125 ] 144 ] 125 | 144 | 125 | 144
C .005 | .oo8 | .oo5 | .o08 | .005 | .0oo8 | .005 | .008
D 1.2521.260] 1.252{ 1.260] 1.252] 1.260] 1.252] 1.260
D1 1.098 | 1.106 [ 1.098] 1.106 | 1.098] 1.106] 1.098] 1.106
D3 896 RF .998 REF .886 REF 1.004 REF
E 1.252] 1.260] 1.252] 1.2600 1.252] 1.260] 1.252] 1.260
E1 1.098] 1.106 ] 1.098] 1.106 | 1.098] 1.106 | 1.098] 1.106
E3 .896 REF .098 REF .886 REF 1.004 REF
L .026 | .037 | .026 | .037 | .026 | .037 | .026 | .037
ND /NE 36/36 40/40 46 /46 52/52
P .026 BSC .026 BSC .020 BSC .020 BSC
W .009 | .014 | .009 1 .014 | .009 [ .014 | .009 | .014
7D 103 .052 108 049
ZE 103 .052 108 .049
ALT. D _[5] [1.224]1.232]1.224] 1.232]1.224] 1.232]1.224 [ 1.232
ALT. E (5] [1.224]1.232]1.224]1.232[1.224 1.232]1.224] 1.232
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PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS

20—84 LEAD PLCC (SQUARE)

' D
A1
45" x .045 PIN 1 C
MM MM
4 )
0
0 : i
0 £
T + —F | £ | ¥
0 y b1
i i 53 |
u ’ ]
g - I_J.J—____. ~
;H; ¢
e
NOTES: |
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS
3. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
4. FORMED LEADS SHALL BE PLANAR WITH RESPECT TO ONE
ANOTHER WITHIN .004" AT THE SEATING PLANE.
5. ND & NE REPRESENT NUMBER OF LEADS IN D & E DIRECTIONS
RESPECTIVELY.
6. D1 & E1 SHOULD BE MEASURED FROM THE BOTTOM OF THE PKG.
DWG # | J20-1 | J28-1 | J44—1 | J52-1 | J68-1 | J84_1
Z OF [0S |20 28 7z 57 68 84
SYMBOL | MIN | MAX] MIN | MAX| MIN [ MAX] MIN | MAX| MIN | MAX| MIN | MAX
A .165(.180].1651.180].165[.180].165{.180].165|.180].165 | .180
AT |.095[115 [.095|.115 |.095].115 |.095].115 |.095].115 | .095 | 115
B 1026[.032[.026[.032[.026|.032[-026.032[-026|.032{-026 | .032
bl |-013].021]-013[.021]-013].021[-013|.021]-013].021|.013 |.021
C .020].040].020].040].020].040].020{.040].020[.040| .020 | .040
C1 .008].012}1.008].012].008].012{.008(.012}.008(.012].008 | .012
D .385(.395|.485(.495|.685(.695(.785].795|.985.995(1.185 [ 1.195
DT |:350(.356].450.456.650].656].750|.756].950|.9561.150 | 1.156
D2/E2  |.290].330|.390[.430].590[.630|.690].730|.890].930]1.090] 1.130
D3/E3 _ |.200 REF|.300 REF|.500 REF|.600 REF|.800 REF| 1.000 REF
E .385(.395].485|.495|.685|.695].785(.795].985].995|1.185| 1.195
El__ |.350|.356[.450].456].650[.656[.750[.756.950[.956[1.150|1.156
e .050 BSC[.050 BSC|.050 BSC|.050 BSC[.050 BSC[.050 BSC
ND /NE 5 7 17 13 17 21

]:/]—SEATING PLANE

4.3
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PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS (Continued)
18—32 LEAD PLCC (RECTANGULAR)

PIN 1 c
45° X .045 A_D:____ _—‘
q D — ——
0 h
Q n]
b1
E3 O p _E
(NE) T p- Bl E T P2 |
€ g N0
4 : A
. I s 1
j D3 (ND) ﬁ c c2 I*
D1 T Al
D — A OPTIONAL FEATURE S
I ADHESIVE PEDESTAL
(32 LD ONLY)
SEATING PLANE
I ]
| E2 i
DWG # J18—1 J32—1
# OF LDS 18 32 NOTES:
SYMBOL MIN | MAX | MIN | MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS
A 120 140 120 .140 OTHERWISE SPECIFIED.
T o751 0951 0751 095 2 (BDESTE—R SASIC LEAD SPACING BETWEEN
B 026 | .032| .026] .032 3. D & E DO NOT INCLUDE MOLD FLASH OR
PROTRUSIONS.
b1 013} .021] .013) .02 4. FORMED LEADS SHALL BE PLANAR WITH
c .015| .040| .15 .040 RESPECT TO ONE ANOTHER WITHIN .004"
AT THE SEATING PLANE.
C1 008 | 012 008 .012 5. ND & NE REPRESENT NUMBERS OF LEADS IN
c2 - — | .005] .015 D & E DIRECTIONS RESPECTIVELY.
5 320 1 335 | 485 | 495 6. D1 & E1 SHOULD BE MEASURED FROM THE
BOTTOM OF THE PACKAGE.
D1 .289 | .293 | .449 | .453
D2 225 | .265 | .390 | .430
D3 150 REF .300 REF
E .520 | .535 | .585 | .595
E1 .489 | .493 | .549 | .553
E2 422 | 465 | .490| .530
E3 .200 REF | .400 REF
e .050 BSC | .050 BSC
ND/NE 4 /5 7/9
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PACKAGE DIAGRAM OUTLINES

PLASTIC PIN GRID ARRAYS

68—208 PIN PGA (CAVITY UP)

L 44+
] [+++++++++++
| + + + +
I+ + + +
[ o+
} + + + + E1 E
| + +
| + + + +
| + + + +
| [f+++++rsreqt
A +++ A+t

D1

D

l—

[IQ - — 1A
SEATING PLANE Ii f ” W“ “ U ”T”J }
bl el

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

BSC — BASIC PIN SPACING BETWEEN CENTERS.

SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.

SYMBOL "N” REPRESENTS THE NUMBER OF PINS. ' ‘

DIM. "A” INCLUDES BOTH THE PKG BODY & THE LID. |IT DOES NOT INCLUDE HEATSINK OR
OTHER ATTACHED FEATURES. '

orUdS

6. PIN DIAMETER "C” EXCLUDES SOLDER DIP OR OTHER LEAD FINISH.
7. PIN TIPS MAY HAVE RADIUS OR CHAMFER.
DWG No. PG 68—2 PG 84—2 PG 208-2
# OF PINS (N) 68 PIN 84 PIN 208 PIN
SYMBOLS ~ MIN [ MAX MIN | MAX MIN [ MAX
A 115 | 160 115 | 160 “ 115 [ 160
C .016 | .020 .016 | .020 .016 | .020
D 1.140 | 1.180 1.140 | 1.180 1.740 | 1.780 _
D1 1.000 BSC 1.000 BSC ~1.600 BSC
E 1.140 [ 1.180 1.140 [ 1.180 1.740 [ 1.780
E1 1.000 BSC 1.000 BSC 1.600 BSC
e 100 BSC 100 BSC .100 BSC
L 100 | .160 100 | 160 | 100 | 160
M 11 11 17
Q .040 | .070 .040 | .070 .040 | .070
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IDT RISC PROCESSING COMPONENTS

THE COMPLETE RISC SOLUTION

Integrated Device Technology, Inc. is dedicatedto providing
complete RISC design solutions by combining expertise in
silicon processes with leadership products in development
systems and software. Long an industry leader in the fastest-
static RAMs and high-speed logic, IDT now offers RISC
system building blocks comprised of components and board-
level subsystems.

As a semiconductor partnerwithMIPS ComputerSystems
IDT has established a leadership position in the RISC
marketplace by supplying the fastest CPUs at 40MHz,
pioneering RISC CPU Subsystem™ modules, and offerlng
cost-effective development tools and software.

The MIPS architecture has become an industry standard
andhasbeenadopted by over 1001eading OEM manufacturers
including DEC, Sony, Tandem, NEC, CDC, Adobe, Siemens,
Nixdorf, Honeywell Bull and Silicon Graphics. The MIPS ISA
(Instruction Set Architecture) has been selected by JIAWG as
the 32-bit microprocessor standard for military avionics.

RISComponent™ FAMILY OVERVIEW

The R3000 Family consists of the R3000 RISC CPU, the
R3001 and R3051/52 RISControllers™, the R3010 Floating-
Point Accelerator, the R3500 RISCore™ and the R3020
Write Buffer. The R3000 processor is a derivative of the

CPO

(System Control Coprocessor)

: 2

CONTROL

R2000A, the first commercially available RISC processor
introduced in 1985. The R3001 RISController and the R3051
family are versions of the processor tailored for embedded
control and low-cost workstations. The R3500 integrates
floating point capability onto the R3000 pinout. The R4000 is
the third generation of the MIPS RISC architecture that sets a
new performance standard for the 1990s.

THE IDT79R3000 CPU

The R3000 processor consists of two tightly-coupled
processors implemented on a single chip.

Thefirst processor is a full 32-bitHarvard Architecture CPU
consisting of 32 registers, an integer ALU, a single-cycle
shifter and a muitiplier/divider. The second processor is a
system control coprocessor containing a Translation Look-
aside Buffer (TLB) and control registers to support a virtual
memory space of 4GBytes and separate Instruction and Data
caches.

The R3000 CPU features:

Full 32-bit operation

Three instruction formats

Efficient 5-stage pipeline

On-chip cache control

On-chip Memory Management Unit
Multiprocessor capability

CPU

L

MASTER PIPELINE/BUS CONTROL

S

2

3

VIRTUAL PAGE NUMBER/VIRTUAL ADDRESS

TAG {20 + 4)

EXCEPTION/CONTROL GENERAL REGISTERS
REGISTERS LOCAL (32x32)
MEMORY CONTROL Ao
MANAGEMENT
UNIT REGISTERS Logic
SHIFTER
TRANSLATION
LOOKASIDE MULTIPLY/DIVIDER
BUFFER
(64 ENTRIES) ADDRESS ADDER
PC INCREMENT/MUX

S

ADDRESS (18)

<

DATA (32+ 4)

Figure. 1. IDT79R3000 Processor
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CACHE

DATA DATA BUS I
32 2
INSTRUCTIONS REGISTERUNIT (16 x64)  OPERANDS
EXPONENT PART FRACTION
RUN —p{ an{an (1) (1) | (1) (53)
| Y R |
A B RESULT A B RESULT
FPBUSY -tt—— EXPONENT UNIT ADD UNFl;rOUND
CONTROL
EXCEPTION —- UNIT (53) | (59) | (56)
&
eLocks B RESULT
FPINT ~t—] . DIVIDE UNIT
53 | (53 | (56)
y
CLOCKS <& A B RESULT
MULTIPLY UNIT

Figure 2. IDT79R3010 Floating-Point Accelerator

THE IDT79R3010 FLOATING-POINT
ACCELERATOR

The R3010 Floating-Point Accelerator (FPA) supports full
conformance with the IEEE 754 floating-point specification. It
acts as aco-processortothe R3000 CPU, providing aseamless
integration of fixed and floating-point instructions. Allfloating-
point operations are transparent to the programmer
The R3010 FPA features:

Full 64-bit operation

Single-cycle load/store instructions .

Seamless interface to the R3000 or R3001 CPU

Three operation units (add/subtract, multiply and divide)
can operate in parallei

Six-level pipeline

« s & o

THE IDT79R3001 RISController™

The R3001 RISControlier optimizes the high-performance
MIPS architecture for embedded control systems. Capable of
28 MIPS performance at 33MHz, the R3001 incorporates new
features for real-time control. The controller extends the
performance range of the current-R3000 processor, saves
valuable real estate for space-critical designs and lowers
system memory costs.

significant cost savings over other solutions. The processor
supports predictable interrupt response times for real-time
control applications, and system chip count is lowered by
substantially reducing the number of devices needed to
implement local memory.

THE R3051 FAMILY OF RISControllers™

The IDT79R3051 Family is a derivative of the R3000,
featuring a high level of integration and targeted to high-

-performance but cost-sensitive embedded processing

The MIPS performance range is extended by the increase

in the R3000 in the synchronous memory space from
512KBytes, maximum,, to a full 32MBytes. This allows the
systemto perform with a guaranteed “cache” hit rate of 100%.
The on-chip memory controller allows the designer to use
standard SRAMs, DRAMs, or even VRAMs, representing a

applications. The R3051 family is designed to bring the high-
performance inherent in the MIPS RISC architecture into low-
cost, simplified, power sensitive applications.

Functional units were integrated onto the CPU core inorder
to reduce the total system cost rather than to increase the
inherent performance of the integer engine. Thus, the R3051
family is able to offer 35 MIPS of integer performance at
40MHz without requiring external SRAM or caches.

THE R3500A RISCore™ CPU/FPA

The R3500A is a a single chip that integrates the R3000A
CPU and the R3010A FPA execution units using the R3000A
packaging and pinout. This high integration device is
completely binary software, compatible with the R3000,
R2000 CPUs and R3010 FPA to facilitate the migration
path to higher performance and lower chip count systems
that utilize both the CPU and the floating point units.

IDT has also made several enhancements to the R3000
architecture such as faster multiply and divide instructions and

5.0



added a programmable tag bus width allowing reduced cache
cost. The power consumptionis lower by 33%when compared
to the standard R3000 and R3010.

THE IDT79R4000 CPU

The R4000is the third generation of MIPS RISC technology
and establishes a new performance standard for RISC
processors forthe 1990s. The R4000 extends the performance
range served by the MIPS architecture and, thereby,
provides a migration path to applications served by the R3000,
R3001 and the R3051.

This third generation processor maintains full binary
compatibility with applications executing on the R2000/

R3000 and IDT's RISController family, while achieving
substantially higherperformance. The key to this performance
is both the architecture/implementation of the processor and
the high level of integration achieved in a single chip. The
R4000 contains the RISC integer unit, floating-point unit,
MMU, 8K of |- and D-cache, along with multiprocessing
support such as direct control of optional secondary caches.
To achieve performance levels capable of over 50 VAX MIPS
sustained performance, the R4000 utilizes technology such
as super-pipelining to exploit 2 level instruction parallelism
with no issue restrictions. The R4000 presents a balanced
architectural approach to achieve a wide range of price’
performance goals.
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Integrated Device Technology, Inc.

RISC CPU PROCESSOR

IDT79R3000A
IDT79R3000AE

F

EATURES:
Enhanced instruction set compatible version of the
IDT79R2000, IDT79R3000 RISC CPUs.
Upwardly pin-compatible with IDT79R3000 RISC CPU.
IDT79R3000A “E” version relaxes system memory timing
requirements in a high-speed systems.
Full 32-bit Operation—Thirty-two 32-bit registers and all
instructions and addresses are 32-bit. ‘
Efficient Pipelining—The CPU’s 5-stage pipeline design
assists in obtaining an execution rate approaching one

-instruction per cycle. Pipeline stalls and exceptions are
handled precisely and efficiently.
On-Chip Cache Control—The IDT79R3000A provides a
high bandwidth memory interface that handles separate
external Instruction and Data Caches ranging in size from
4 to 256 Kbytes each. Both caches are accessed during a
single CPU cycle. All cache control is on-chip.
On-Chip Memory Management Unit—A fully-associative,
64 entry Translation Lookaside Buffer (TLB) provides fast
address translation for virtual-to-physical memory map-
ping of the 4 Gigabyte virtual address space.

Dynamically able to switchbetween Big- and Little- Endian
byte ordering conventions.

Coprocessor Interface—The IDT79R3000A generates all
addresses and handles memory interface control for up to
three additional tightly coupled external processors.
Optimizing Compilers are available for C, Fortran, Pascal, .
COBOL, Ada, and PL/1.

UNIX™ System V.3 and BSD 4.3 operating systems
supported.

High-speed CEMOS™ technology.

16.7 through 40MHz clock rates yield up to 32 VUPS
sustained throughput.

Supports independent multiword block refill of both the
instruction and data caches with variable block sizes.
Supports concurrent refill and execution of instructions.
Partial word stores executed as read-modify-write opera-
tions.

6 external interruptinputs, 2 software interrupts, with single
cycle latency to exception handier routine.

Flexible multiprocessing support on chip with no impact on
uniprocessor designs. :

Military product compliant to MIL-STD-883, Class B.

IDT79R3000A PROCESSOR
CPO CONTROL CPU
(System Control Coprocessor)
l Master Pipeline/Bus Control J

s
g i

{

Exception/Control
egisters

Memory
Management

Unit Registers Local

Logic

(64 entries)

Control

General Registers
(32xae'3
ALU
Shifter
Muttiplier/Divider
Address Adder

PC Increment/Mux

Virtual Page Number/
Virtual Address

!

IL

]

U U

TAG (20+4) [

] Data (32+4)

ADDRESS (18)

CEMOS Is atrademark of Integrated Device Technology, Inc.
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION:

The IDT 79R3000A RISC Microprocessor consists of two
tightly-coupled processors integrated on a single chip. The
first processor is a full 32-bit CPU based on RISC (Reduced
Instruction Set Computer) principles to achieve a new stan-
dard of microprocessor performance. The second processor
is a system control coprocessor, called CPO, containing a
fully-associative 64 entry TLB (Translation Lookaside Buffer),
MMU (Memory Management Unit) and control registers, sup-
porting a 4 Gigabyte virtual memory subsystem, and aHarvard
Architecture Cache Controller achieving a bandwidth of 320
Mbytes/second using industry standard static RAMs.

This data sheet provides an overview of the features and
architecture of the 79R3000A CPU, Revision 3.0. A more
detailed description of the operation of the device is incorpo-
rated in the “R3000A Family Hardware User Manual", and a
more detailed architectural overview is provided in the “mips
RISC Architecture” book, both available from IDT. Documen-
tation providing details of the software and development
environments supporting this processor are also available
from IDT. '

IDT79R3000A CPU Registers

The IDT79R3000A CPU provides 32 general purpose 32-
bit registers, a 32-bit Program Counter, and two 32-bit regis-
ters that hold the results of integer multiply and divide opera-
tions. Only two of the 32 general registers have a special
purpose: register r0 is hardwired to the value “0”, which is a
useful constant, and register r31 is used as the link register in
jump-and-linkinstructions (return address for subroutine calls).

The CPU registers are shown in Figure 2. Note that there
is no Program Status Word (PSW) register shown in this
figure: the functions traditionally provided by a PSW register
are instead provided in the Status and Cause registers incor-
porated within the System Control Coprocessor (CP0).

General Purpose Registers

Multiply/Divide Registers

31 . 0
0 31 0
r | HI ]
r2 31 0
. F Lo J

: Program Counter
r29 31 ‘ 0
130 L PC ]

131

2860 drw 02

Figure 2. IDT79R3000A CPU Registers

Instruction Set Overview

All IDT79R3000A instructions are 32 bits long, and there
are only three instruction formats. This approach simplifies
instruction decoding, thus minimizing instruction execution
time. The 79R3000A processor initiates a new instruction on
every run cycle, and is able to complete an instruction on
almost every clock cycle. The only exceptions are the Load
instructions and Branchinstructions, which each have a single
cycle of latency associated with their execution. Note, how-
ever, that in the majority of cases the compilers are able to fill
these latency cycles with useful instructions which do not
require the result of the previous instruction. This effectively
eliminates these latency effects.

The actualinstruction set of the CPU was determined after
extensive simulations to determine which instructions should
be implemented in hardware, and which operations are best
synthesized in software from other basic instructions. This
methodology resulted in the R3000A having the highest
performance of any available microprocessor.

|-Type (Immediate)
31 26 25 21 20 16 15 0
op rs I ot immediate I
J-Type (Jump)
31 26 25 0
op target I
R-Type (Register)
31 26 25 21 20 16 15 11 10 6 & 0
[ op s nt rd I re l functJ
2860 drw 03

Figure 3. IDT79R3000A Instruction Formats

The IDT79R3000A instruction set can be divided into the
following groups:
'« Load/Store instructions move data between memory and
generalregisters. They are all I-type instructions, since the
only addressing mode supported is base register plus 16-
bit, signed immediate offset.
The Load instruction has a single cycle of latency, which
means that the data being loaded is not available to the
instructionimmediately afterthe load instruction. The com-
piler will fill this delay slot with either an instruction which is
not dependent on the loaded data, or with a NOP instruc-
tion. There is no latency associated with the store instruc-
tion.
Loads and Stores can be performed on byte, haff-word,
word, or unaligned word data (32 bit data not aligned on a
modulo-4 address). The CPU cache is constructed as a
write-through cache.
Computational instructions perform arithmetic, logical
and shift operations on values in registers. They occur in
both R-type (both operands and the result are registers)
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

and I-type (one operand is a 16-bit immediate) formats.
Note that computational instructions are three operand
instructions; that is, the result of the operation can be
stored into a different register than either of the two
operands. This means that operands need not be overwrit-
ten by arithmetic operations. This results in a more efficient
use of the large register set.

Jump and Branch instructions change the control flow of
aprogram. Jumps are always to a paged absolute address
formed by combining a 26-bit target with four bits of the
Program counter (J-type format, for subroutine calls), or
32-bit register byte addresses (R-type, for returns and
dispatches). Branches have 16-bit offsets relative to the
program counter (I-type). Jump and Link instructions save
areturn address in Register 31. The 79R3000A instruction
setfeatures a number of branch conditions. Includedis the
ability to compare a register to zero and branch, and also
the ability to branch based on a comparison between two

registers. Thus, net performance is increased since soft-
ware does not have to perform arithmetic instructions prior
to the branch to set up the branch conditions.
Coprocessor instructions perform operations in the
coprocessors. Coprocessor Loads and Stores are I-type.
Coprocessor computational instructions have coprocessor-
dependent formats (see coprocessor manuais).
Coprocessor 0 instructions perform operations on the
System Control Coprocessor (CP0) registers to manipu-
late the memory management and exception handling
facilities of the processor.
Special instructions perform a variety of tasks, including:
movement of data between special and general registers,
system calls, and breakpoint. They are always R-type.
Table 1 lists the instruction set of the IDT79R3000A

processor.
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

OoP Description oP Description
Load/Store Instructions ‘ " Multlply/Divide Instructions
LB Load Byte MULT Multiply
LBU Load Byte Unsigned MULTU " Multiply Unsigned
LH Load Halfword DIV Divide
LHU Load Halfword Unsigned DIVU Divide Unsigned
LW Load Word MFHI Move From HI
LWL Load Word Left MTHI Move To Hi
LWR Load Word Right MFLO Move From LO
SB Store Byte MTLO Move To LO
SH Store Halfword
SW Store Word Jump and Branch Instructions
SWL Store Word Left J Jump )
SWR Store Word Right JAL Jump and Link
) JR Jump to Register
Arithmetic Instructions JALR Jump and Link Register
(ALU Immediate) BEQ Branch on Equal
ADD! Add Immediate BNE Branch on Not Equal
ADDIU Add iImmediate Unsigned BLEZ Branch on Less than or Equal to Zero
SLTI Set on Less Than Immediate BGTZ Branch on Greater Than Zero
SLTIU Set on Less Than Immediate BLTZ Branch on Less Than Zero
Unsigned BGEZ Branch on Greater than or
ANDI AND Immediate Equal to Zero
ORI OR Immediate BLTZAL Branch on Less Than Zero and Link
XORI Exclusive OR Immediate BGEZAL Branch on Greater than or Equal to
Lul Load Upper Immediate Zero and Link
Spaclal Instructions
Arithmetic Instructions SYSCALL System Call
(3-operand, register-type) BREAK Break
ADD Add
ADDU Add Unsigned Coprocessor Instructions
SUB Subtract LWCz Load Word from Coprocessor
suBU Subtract Unsigned SWCz Store Word to Coprocessor
SLT Set on Less Than MTCz Move To Coprocessor
MFCz Move From Coprocessor
SLTU Set on Less Than Unsigned CTCz Move Control to Coprocessor
AND AND CFCz Move Control From Coprocessor
OR OR COPz Coprocessor Operation
XOR Exclusive OR BCzT Branch on Coprocessor z True
NOR NOR BCzF Branch on Coprocessor z False
Shift Instructions System Control Coprocessor
SLL Shift Left Logical (CPO) Instructions
SRL Shift Right Logical MTCo Move To CPo
SRA Shift Right Arithmetic MFCo Move From CPo
SLLV Shift Left Logical Variable TLBR Read indexed TLB entry
SRLV Shift Right Logical Variable TLBWI Write Indexed TLB entry
SRAV Shift Right Arithmetic Variable TLBWR Write Random TLB entry
TLBP Probe TLB for matching entry
RFE Restore From Exception
2860 tol 01
Table 1. IDT79R3000A Instruction Summary
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT79R3000A System Control Coprocessor (CP0) Register Description

The IDT73R3000A can operate with up to four tightly- g P
coupled coprocessors (designated CPO through CP3). The EntryHi | High half of a TLB entry
System Control Coprocessor (or CP0), is incorporated on the EntryLo | Low half of a TLB entry
IDT79R3000 chip and supports the virtual memory system | Index | Programmable pointer into TLB array
and exception handling functions of the IDT79R3000A. The | Random | Pseudo-random pointer into TLB array
virtual r:nemory system is implemented using a Trgnslatlon Status Mode, interrupt enables, and diagnostic status info
Lookaside Buffer and a group of programmable registers as Cause | Indicates nature of last exception
shown in Figure 4. EPC Exception Program Counter

. Context | Pointer into kernel's virtual Page Table Entry array

System Control Coprocessor (CP0) Registers BadVA | Most recent bad virtual address

The CPO registers shown in Figure 4 are used to control
the memory management and exception handling capabilities PRId Procassor revision identffication (Read only)
of the IDT79R3000A. Table 2 provides a brief description of P
each register.

9 Table 2. System Control Copr (CPO) Registers
SYSTEM COPROCESSOR

ENTRYH! | ENTRYLO INDEX
63
/ RARDOM
TLB
8
7] NOT ACCESSED
. BY RANDOM

[] Used with Virtual Memory System
Used with Exception Processing

2860 drw 04

Figure 4. The System Coprocessor Registers
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Memory Management System

The IDT79R3000A has an addressing range of 4 Gbytes.
However, since most IDT79R3000A systems implement a
physical memory smaller than 4Gbytes, the IDT79R3000A
provides for the logical expansion of memory space by trans-
lating addresses composed in a large virtual address space
into available physicalmemory address. The 4 GByte address
spaceisdivided into 2 GBytes which can be accessed by both
the users and the kernel, and 2 GBytes for the kernel only.

The TLB (Translation Lookaside Buffer)
Virtual memory mapping is assisted by the Translation
Lookaside Buffer (TLB). The on-chip TLB provides very fast

“virtual memory access and is well-matched to the require-

ments of multi-tasking operating systems. The fully-associa-

tive TLB contains 64 entries, each of which maps a 4-Kbyte
page, with controls for read/write access, cacheability, and
process identification. The TLB allows each userto access up
to 2 Gbytes of virtual address space.

Figure 5 iliustrates the format of each TLB entry. The
Translation operation involves matching the current Process
ID (PID) and upper 20 bits of the address against PID and VPN
(Virtual Page Number) fields in the TLB. When both match (or
the TLB entry is Global), the VPN is replaced with the PFN
(Physical Frame Number) to form the physical address.

TLB misses are handled in software, withthe entry tobe re-
placed determined by as imple RANDOM function. The rou-
tine to process a TLB miss in the UNIX environment requires
only 10-12cycles, which compares favorably with many CPUs
which perform the operation in hardware.

" TLB ENTRY FORMAT

63 44 43 38 37 32_ 31 12 11 10 9 8 7 0
VPN TLBPID (e] PFN N|ID|V]|G 0
— A J
Y —Y
ENTRYHI ENTRYLO

VPN - Virtual Page Number
TLBPID - Process ID

PFN — Physica

| Frame Number

N — Non-cacheable flag
D - Dirty flag (Write protect)

V - Valid entry
G - Global flag
0 — Reserved

Figure 5. TL|

IDT79R3000A Operating Modes

The IDT79R3000A has two operating modes: User mode
and Kernel/mode. The IDT79R3000A normally operates in
the User mode until an exception is detected forcing it into the
Kernel mode. It remains in the Kernel mode until a Restore

flag
(ignore PID)

2860 drw 05

B Entry Format

From Exception (RFE) instruction is executed. The mannerin
which memory addresses are translated or mapped depends
on the operating mode of the IDT79R3000A. Figure 6 shows
the MMU transiation performed for each of the operating
modes.
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MMU ADDRESS TRANSLATION
VIRTUAL -> PHYSICAL

OXFFFFFFFF
KERNEL

MAPPED
CACHEABLE
(kseg2)

KERNEL
UNMAPPED

ANY

0xC0000000

OXFFFFFFFF

UNCACHED
(kseg1)

KERNEL
UNMAPPED

0xAG000000

PHYSICAL

MEMORY > 3584 MB

CACHED
0x80000000 (ksegO)

OX7FFFFFFF

KERNEWL/USER
MAPPED
CACHEABLE
(kuseg)

ANY

0x20000000

L_»{ Ox1FFFFFFF
MEMORY

0x00000000

512 MB
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Figure 6. IDT79R3000A Virtual Address Mapping

User Mode—in this mode, a single, uniform virtual ad-

dress space (kuseg) of 2 Gbyte is available. Each virtual
address is extended with a 6-bit process identifier field to form
unique virtual addresses. All references to this segment are
mapped through the TLB. Use of the cache for up to 64
processes is determined by bit settings for each page within
the TLB entries.

Kernel Mode—four separate segments are defined.in

this mode:

kuseg—when in the kernel mode, references to this seg-
ment are treated just like user mode references, thus
streamlining kernel access to user data.
ksegO—references to this 512 Mbyte segment use cache
memory but are not mapped throughthe TLB. Instead, they
always map to the first 0.5 GBytes of physical address
space.

kseg1—references to this 512 Mbyte segment are not
mapped through the TLB and do not use the cache.
Instead, they are hard-mapped into the same 0.5 GByte
segment of physical address space as kseg0.
kseg2—references to this 1 Gbyte segment are always
mapped through the TLB and use of the cache is deter-
mined by bit settings within the TLB entries.

IDT79R3000 Pipeline Architecture

The execution of a single IDT79R3000A instruction con-

sists of five primary steps:

1) IF  — Fetch the instruction (I-Cache).

2) RD — Read any required operands from CPU
registers while decoding the instruction. .

3) ALU — Perform the required operation on
instruction operands.

4) MEM — Access memory (D-Cache).

5) WB — Write back results to register file.

Each of these steps requires approximately one CPU

cycle as shown in Figure 7 (parts of some operations overlap
into another cycle while other operations require only 1/2

cycle).
F | rD ALU MEM | wa
|LCACHE LEF OP | D-CACHE WEJ
i
H__J
One Cycle

2860 drw 07

Figure 7. IDT79R3000A Instruction Pipeline
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INSTRUCTION EXECUTION

The IDT79R3000A uses a 5-stage pipeline to achieve an
instruction execution rate approaching one instruction per
CPU cycle. Thus, execution of five instructions at a time are
overlapped as shown in Figure 8.

(5-Deep)

LIF | RD IALUTMEM wB

Inslt:r'uction
ow
RDJ ALU EM FNB ]
Current
CPU
Cycle

2860 drw 08

Figure 8. IDT79R3000A Execution Sequence

IDT79R3000A INSTRUCTION PIPELINE

This pipeline operates efficiently because different CPU
resources (address and data bus accesses, ALU operations,
register accesses, and so on) are utilized on a non-interfering
basis.

Memory System Hierarchy

The high performance capabilities of the IDT79R3000A
processor demand system configurations incorporating tech-
niques frequently employed in large, mainframe computers
but seldom encountered in systems based on more traditional
microprocessors.

A primary goal of systems employing RISC techniques is
to minimize the average number of cycles each instruction
requires for execution. In order to achieve this goal, RISC
processors incorporate a number of RISC techniques, includ-
ing a compact and uniform instruction set, a deep instruction
pipeline (as described above), and utilization of optimizing
compilers. Many of the advantages obtained from these
techniques can, however, be negated by aninefficient memory
system. - :

Figure 9 illustrates memory in a simple microprocessor
system. Inthis system, the CPU outputs addresses to memory
and reads instructions and data frommemory or writes data to
memory. The address space is completely undifferentiated:
instructions, data, and I/O devices are alltreated the same. In
sucha system, aprimary limiting performance factoris memory
bandwidth.

Microprocessor
(CPU)

Data

il

Address

U

2860 drw 09

Memory
(and I/O)

Figure 9. A Simple Microprocessor Memory System

Figure 10 illustrates a memory system that supports the
significantly greater memory bandwidth required to take full
advantage of the IDT79R3000A’s performance capabilities.
The key features of this system are:

IDT79R3000A
Microprocessor
Data Address
4\
Instruction
Cache
Data
Cache )
Write
Buffer

{/: L :v

Address

Data
) Main Memory

2860 drw 10

Figure 10. An IDT79R3000A System with a
High-Performance Memory System
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External Cache Memory—Local, high-speed memory
(called cache memory) is usedto hold instructions and data
that is repetitively accessed by the CPU (for example,
within a program loop) and thus reduces the number of
references that must be made to the slower-speed main
memory. Some microprocessors provide a limited amount
of cache memory on the CPU chip itself. The external
caches supported by the IDT79R3000A can be much
larger; while a small cache can improve performance of
some programs, significantimprovements for awide range
of programs require farge caches.

Separate Caches for data and Instructions—Even with
high-speed caches, memory speed can still be a limiting
factor because of the fast cycle time of a high-performance
microprocessor. The IDT79R3000A supports separate
caches for instructions and data and alternates accesses
of the two caches during each CPU cycle. Thus, the
processor can obtain data and instructions at the cycle rate
of the CPU using caches constructed with commercially
available IDT static RAM devices.

In order to maximize bandwidth inthe cache while minimiz-
ing the requirement for SRAM access speed, the R3000A
divides a single-processor clock cycle into two phases.
During one phase, the address for the data cache access
is presented while data previously addressed in the in-
struction cache is read; during the next phase, the data
operation is completed while the instruction cache is being
addressed. Thus, both caches are read in a single proces-
sor cycle using only one set of address and data pins.

Write Buffer—in orderto ensure dataconsistency, alldata
that is written to the data cache must also be written out to
main memory. The cache write model used by the
IDT79R3000A is that of a write-through cache; that is, all
datawrittenby the CPU is immediately writteninto the main
memory. To relieve the CPU of this responsibility (and the
inherent performance burden) the IDT79R3000A supports
aninterfaceto awrite buffer. The IDT79R3020 Write Buffer
captures data (and associated addresses) output by the
CPU and ensures that the data is passed on to main
memory.

IDT79R3000A Processor Subsystem Interfaces

Figure 11 illustrates the three subsystem interfaces pro-

vided by the IDT79R3000A processor:

Cache control interface (on-chip) for separate data and
instruction caches permits implementation of off-chip caches
using standard IDT SRAM devices. The 79R3000A directly
controls the cache memory with a minimum of external
components. Both the instruction and data cache can vary
from 0 to 256K Bytes (64K entries). The 79R3000A also
includes the TAG control logic which determines whether
ornotthe entry readfromthe cache isthe desireddata. The
79R3000A cache controller implements a direct mapped
cache for, high net performance (bandwidth). It has the
ability to refill multiple words when a cache miss occurs,
thus reducing the effective miss rate to less than 2% for

large caches. When a cache miss occurs, the 79R3000A
can support refilling the cache in 1, 4, 8, 16, or 32 word
blocks to minimize the effective penalty of having to access
main memory. The 79R3000A also incorporates the ability
to perform instruction streaming; while the cache is refill-
ing, the processor can resume execution once the missed
word is obtained from main memory. In this way, the
processor can continue to execute concurrently with the
cache biock refill.

Memory controller interface for system (main) memory.
This interface also includes the logic and signals to allow
operation with a write buffer to further improve memory-
bandwidth. In addition to the standard full word access, the
memory controller supports the ability to write bytes and
half-words by using partial word operations. The memory
controller also supports the ability to retry memory ac-
cesses if, for example, the data returned from memory is
invalid and a bus error needs to be signalled.
Coprocessor Interface—The IDT79R3000A features a
tightly coupled co-processor interface in which all co-
processors maintain synchronization with the main pro-
cessor; reside on the same data bus as the main proces-
sor; and participate in bus transactions in an identical
manner to the main processor. The IDT79R3000A gener-
ates all required cache and memory control signals, includ-
ing cache and memory addresses for attached
coprocessors. As a result, only the data bus and a few
control signals need to be connected to a coprocessor.
The interface supports three types of coprocessor instruc-
tions: loads/stores, coprocessor operations, and proces-
sor-coprocessor transfers. Note that coprocessor loads
and stores occur directly between the coprocessor and
memory, without requiring the data to go through the CPU.
Synchronization between the CPU and external
coprocessors is achievedusinga Phased-Lock Loopinter-
face to the coprocessor. The coprocessor physical inter-
face also includes coprocessor condition signals
(CpCond(n)), which are used in coprocessor branch in-
structions, and a coprocessor busy signal (CpBusy) which
is used to stall the CPU if the coprocessor needs to hold off
subsequent operations.

Finally, a precise exception interface is defined between
the CPU and coprocessors using the external interrupt
inputs of the CPU. This allows a coprocessor exception,
even if it was the result ot a multi-cycle operation, to be
traced to the precise coprocessor operation which caused
it. This is an important feature for languages which can
define specific error handlers for each task.

The interface supports up to four separate coprocessors.
Coprocessor 0 is defined to be the system control
coprocessor, and resides on the same chip as the CPU
unit. Coprocessor 1 is the Floating Point Accelerator, IDT
79R301 0A. Coprocessors 2 and 3 are available to support
an interface to application specific functions.
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MULTIPROCESSING SUPPORT

The IDT79R3000A supports multiprocessing applications
in a simple but effective way. Multiprocessing applications
require cache coherency across the multiple processors. The
IDT79R3000A offers two signals to support cache coherency:
the first, MPStall, stalls the processor within two cycles of
being received and keeps it from accessing the cache. This
‘allows an external agent to snoop into the processor data
cache. The second signal, MPInvalidate, causes the proces-
sor to write data on the data cache bus which indicates the
externally addressed cache entry is invalid. Thus, a subse-
quent accessto that location would resultin acache miss, and
the data would be obtained from main memory.

The two MP signals would be generated by a external
logic which utilizes a secondary cache to perform bus snoop-
ing functions. The 79R3000A does not impose an architecture
for this secondary cache, but rather is flexible enough to
support a variety of application specific architecture stand still
maintain cache coherency. Further, there is no impact on
designs which do not require this feature. The 79R3000A has
further improved on the microprocessor support found in the
79R3000, by allowing the use of cache RAMs with internal
address latches in multiprocessor systems.

ADVANCED FEATURES

The IDT79R3000A offers a number of additional features
such as the ability to swap the instruction and data caches,
facilitating diagnostics and cache flushing. Another feature
isolates the caches, which forces cache hits to occur regard-
less of the contents of the tagfields. The IDT79R3000A allows
the processor to execute user tasks of the opposite byte
ordering (endianness) of the operating system, and further
allows parity checking to be disabled. More details on these
features canbe found inthe IDT 79R3000A Family Hardware
User's Manual.

Further features of the IDT79R3000A are configured
during the last four cycles prior to the negation of the RESET
input. These functions include the ability to select cache sizes
and cache refill block sizes; the ability to utilize the multipro-
cessor interface; whether or not instruction streaming is
enabled; whether byte ordering follows “Big-Endian” or “Little-
Endian” protocols, etc. Table 3 shows the configuration op-
tions selected at Reset. These are fudher dlscussed in the
“Hardware User's Manual”.

BACKWARD COMPATIBILITY WITH 79R2000

The IDT79R3000A can be used in sockets designed for
the 79R3000. The pin-out of the 79R3000A has been selected
to ensure this compatibility, with new functions mapped onto
previously unused pins. The instruction set is compatible with
that of the 79R2000 at the binary level. As a result, code
written forthe older processor can be executed. New features
can be selectively disabled. )

In most 79R3000 applications, the 79R3000A can be
placed in the socket with no modification to initialization
settings. Further application assistance on this topic is avail-
able from IDT.

PACKAGE THERMAL SPECIFICATIONS

The IDT79R3000A utilizes special packaging techniques
to improve both the thermal and electrical characteristics of
the microprocessor.

in order to improve the electrical charactenstlcs of the
device, the package is constructed using multiple signal
planes, including individual power planes and ground planes
to reduce noise associated with high-frequency TTL parts. In
addition, the 175-pin PGA package utilizes extra power and
ground pins to reduce the inductance from the internal power
planes to the power planes of the PC Board.

In order to improve the electrical characteristics of the
microprocessor, the device is housed using cavity down
packaging. In addition, these packages incorporate a copper-
tungsten thermal slug designed to efficiently transfer heat
from the die to the case of the package, and thus effectively
lower the thermal resistance of the package. The use of an
additional external heat sink affixed to the package thermal
slug further decreases the effective thermal resxstance of the
package.

The case temperature may be measured in any environ-
ment to determine whether the device is within the specified
operating range. The case temperature should be measured
at the center of the top surface opposite the package cavity
(the package cavity is the side where the package lid is
mounted).

The equivalent allowable ambient temperature, TA, can
be calculated using the thermal resistance from case to
ambient (Ocay) for the given package. The following equation
relates ambient and case temperature:

TA = Tc - P*@ca
where P is the maximum power consumption, calculated by
using the maximum lcc from the DC Electrical Characteristics
section.

Typical values for Oca at various airflows are shown in

table 4 for the various CPU packages.

5.1

Alrflow - (ft/min)
0 | 200 | 400 | 600 | 800 | 1000
@ca (175-PGA, 21 7 3 2 1 105
144-PGA) ) .
@ca (172 Quad 23 9 4 3 25115
Flatpack) ‘
. 2860 tol 03
Table 4. R3000A Package Characteristics
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Input W Cycle X Cycle Y Cycle Z Cycle
Int0 DBIkSize0 DBIkSize1 Extend Cache Big Endian
Int1 IBIkSize0 IBIkSize1 MPAdrDisable TriState
Int2 DispPar/RevEnd IStream IgnoreParity NoCache
Int3 Reserved(! StorePartial MultiProcessor BusDriveOn
int4 PhaseDelayOn(? PhaseDelayOn(® PhaseDelayOn(? PhaseDelayOn(?)
Int5 R3000 Mode(@ R3000 Mode'® R3000 Mode(? R3000 Mode@
NOTES: 2860 tbl 04

1. Reserved entries must be driven high.
2. These values must be driven stable throughout the entire RESET period.

Table 3. R3000A Mode Selectable Features

Data Bus Data Bus Data Bus _
Tag Bus Tag Bus
| AdrLo Bus _Adrlo Bus
NZ l l NZ
Ta Adrlo Data
Tag DataP
TagP
Trans- Trans-
parent [4— ICKk DCIk |—#1 parent
Latch Latch
IDT79R3000A Processor L
N7 . \/ with System Control N N2
Data Tag IAdr Coprocessor IAdr Tag Data
(15:2) (15:2)
Instruction  ___ Data
Cache OE F_ Rd DRd |—»{ OF Cache
WE |&— Wr DWr |—» WE
Clk2xSys [« {Z
NZN\Z\Z Clk2xSmp 4—  ioeks 1
< XEn Clk2Rd (4 20
< Sysout Clk2xPhi |e— 8
< AccTy(2:0) Reset [¢—
< MemRd CpSync
Memo
Imerfaz?t; < emWr "un Coprocessors
»| RdBusy Exc
» WiBusy CpBusy [«
# CpCond(0) CpCond(3:1) |«
# BusEiror nt(5:0) [«
L tinae T |

Interrupts
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Figure 11. IDT79R3000A Subsystem Interfaces Example; 64 KB Caches
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PIN CONFIGURATION
2&§2:91.‘:’§:{ b 8200 cnEny-035
S5 SssmsssoqeED 000wz BBB88ERNENESa3
Bi333335335588852888825808888 53 552352538
44 86
Data2t 43 87 = Adr.o2
Data22 ] 1 AdrLo3
Data24 ] AdrLo4
Data25 ] E AdrLo5
Data26 C—] AddLo6
Data31 ] 3 AdrLo7
DataP3 ] [ Adrtos
Data2? ] AdrLo9
Data28 —] AdrLo10
XEn ] 7 Add.ot1
Data?9 C—] ) Addo12
Data30 ] AdrLo13
B AdrLo14
ClkaxPhi C—] 3 vce
GND ] — vce
GND ] — vce
Clk2xSmp ] GND
vee . GND
vee —1 vce
GND = vee
GND GND
GND —] E vee
vee vce
vece — vce
vee AdrLo15
GND ] CpCondo
GND ] [ CpCond1
Clk2xSys ] [ Resvdil
TRd1 ] [ GND
DRd1 ] [ GND
WA ] [ Adrlo16
DWr [ Adrlo17
vee ] 1 Tnto
vee — ) Tt
ClkexRd ] 1 T
BysOat ] — hi

DCik ] —

IClk ] = s
TR ] 1 CpBusy
DRdZ ] — WrBusy
Wiz ] I— RdBusy
DWi2 ] [~ BusErmor

MemWr 11 129 [ Reset

172 130

ole N> - NQ ORNROQOPELOTE QO0OXr OO0 QROON » OONOOWTON

P eE e rn B ROt 22ad8 2223803882 R8E%0%
Eak§§§*353&3£°“££>£§°°§>£°”°>?>ﬁ£§£ﬁﬁ£§£ﬂﬁﬁ

< << d:“
2860 drw 12
172-Pin Flatpack (Top View)
NOTES:

1. Reserved pins must be connected.

2. Adrlo 16 and 17 are multifunction pins‘ which are controlled by mode select programming on inlerfupl pins at reset time

AdrLo 16: MP Invalidate, CpCond (2).
Adrlo 17: MP Stall, CpCond (3).

5.1
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PIN CONFIGURATION

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15

(No [ AdrLo [ AdrLo | AdrLo AdrLo | Adrlo ICpCond| Adrlo | Adrlo | i3y | sy | Wr | Reset | vee
Al pim |76 |T10 |1 | VMg |THs [To | te | a7 | M@ | TNME) | gy | Rese

AdrLo | DRaz | AdrLo | Adrto | Adrto | j1Rgz | Adrto CpCond| jnrmy | inuay | CP | . Bus | owra
B 3 DRd2 7 9 12 1IRd2 13 1 int{1) | Iny(3) Busy | Error DWr2 | Tag12 | Tag15

c Ad(','-° AdiLo | vee Adg'-° "dgm GND | GND | vee | Tnto) | int@) Bﬂgy GND | Tag13 |TagPo | Tag18

p | Data Ad;'-" GND | GND | vec | GND | vec | GND | vec | GND | vec | GND | Tag14 | Tag17 | Tag19

E Da&aP D(ajta Ad1rLo vee VCC | Tag16 |Tag20 | VCC
F | Vee Dg'a DZ‘B GND GND | GND |Tag21 | Tag23
G D:la Dgfa GND | vce VCC | GND |Tag22 | TagP1
H Dgla Dgra DgYa GND GND | vcC |Tag2s | Tag24
J D1a°ta Da;aP Dgla vce VCC | Tag28 | Tag29 | Tag26
K 013_;,8 0131‘2 GND | GND GND | GND |TagP2 | Tag27
L | vec 0132"’* ba | vee vee T@gg Tag31 | Tag30
M Dféﬂ nga Dafp GND | vec | GND | vee [ aND | vee | ahD | vee | aND | gD T‘;;ﬁ vee

14 18 19 24

N | Data | Data | Data | gnp | Data Da:;BP vce | vec | GND | GND | BRai M%" Mem | Fun | Tagv

Data | Data | w2 | Data | Data | Data | ¥gn | Data | Clk2x | Clk2x TWri Cp Acc
P | 50 w2 | 52 o o~ XEn 50 Sye P DClk | 1Rd1 | Wri 57%: Typo

c | Data | Data | Data | Data Data |Excep- | Clk2x | Clk2x |Sysout Dwri | vee
a | vc N 25 it w5 | GND 59 ﬁa‘P‘ Phi | Smp SysOut| VCC | ICIk | DWr

2860 drw 13

175-Pin PGA (Top View)

NOTE: !

1. AdrLo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time
AdrLo 16: MP Invalidate, CpCond (2).
Adrlo 17: MP Stall, CpCond (3).
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PIN CONFIGURATION

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
a | veo AdéLo A%Lo Az:r:.y vee A%Lo Az:ré.o‘ Cpcoond Ac:vsl.o A<:r7Lo ) | ey B\g;y Teset | vec
B. Ad:;Lo DRaz Ad;Lo Ad;Lo AirzLo Raz At:r;.o Cp(;'ond n(1) | in3) B?ng % DWr2 | Tag12 | Tag15
c Ad(;Lo Ad;Lo vee »AdéLo Ad;Lo GND | GND | vee | m) | nidy ‘B%gy GND | Tag13 | TagPo0 | Tag18
o | Pa= N’ém GND | GND i ' Tagi4 | Tag17 | Tag19
E Da‘;aP ogtg Ad1rLo Tag16 | Tag20 | vee
F vcc Dg'ﬂ Dg?a‘ GND | Tag21 | Tag23
s Data | Dam | Gnp GND | Tag22 | TagP1
H Dgta Dg'a D:w ‘ VCC |Tag25 | Tag24
g D1aga Da|1laP Dgta ) Tag28 | Tag29 | Tag26
K D?;a D1a1!a GND |. GND |TagP2 | Tag27
L | vee D1azta D1ax7ra TI;(;;)Z Tag31 | Tag30
Skl kol o | 45 | v
N | Daia | Daa | Dala | G | Daia | DalaP | v | vec | GND | GND | DR | Mem | Mem | Fun TagV
P Dzasta Déaota Wr2 Dzazta Déasta Dza;a XEn D;\Ota csll;z;x C;ng DCk | iRAT | TWri 3(7:%: Tl;;co
a | vee Déa:a bzasm Daa1!a Dzaeza GND D;ga E%- C‘I:';‘Z;x g;:sz Sysout| vee 1cik | oW | vee
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144-Pin PGA (Top View)

NOTE:

1. Adrlo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time
Adrlo 16: MP Invalidate, CpCond (2). '
Adrlo 17: MP Stall, CpCond (3).
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PIN CONFIGURATION
gcw e e e
L o555 JBIET & B TRYE STEEE S @ T o%
Q c o [sde e e Fe) o oD oD oODODODD [=)) (o)) DHZDODO
B R PP AR AR AR R A R R R
LA ettt ereereeerriiiiggl
CpSync — Gnd
Memhﬂ — Gnd
MemWr — |— Reset
DWr(1) ~ — Buskrror
r(2) — — RdBusy
Wr(1) — —  WrBusy
2) — — CpBusy
DRd4(1) — — Int(5)
DRd(2) — —  Int(4
RA(1) — — Int(3
IRd(2) — — IInt2
Gnd — — Int(1
IClk —] = rm'éo§
Gnd — — Vec
DClk — — AdrLo(17)
SysOut — l— Vcc
Clk2xRd — —  AdrLo(16)
Clk2x\S/ys — — Vc% ' g
cC  ~— . — CpCond(1
Clk2xSmp  —] 160 Pin EIAJ [ CpCond o;
Clk2xPhi — Plastic Quad Flat Pack — Gnd
Excepct.}log ~ Top Side View — AdrLo(15)
nd — l— Vec
Datagog — — AdrLo(14)
nd — — Vec
Dataggg - — AdrLo(13)
nd — — Vec
XEn — |~ Vece
Vec — — Adrlo(12)
Dataee) — — Gnd
cC — — Adrlo(11)
Data\?7) — — Gnd
cc — — AdrLo(10)
DataP(3) — — Gnd
Data$31§ — — Adrlo(9)
Data(26) — — AdrLo(8)
Data(25) — ‘= AdrLo(7)
Data(24) — — AdrLo(6)
Data(22) — — AdrLo(5)
Data(21) —{ 160 — Vcc
1 -
RN R RN NN
B R o W o e T e B e e Y TN N LT TN ) S N ey oy ety o]
2 o NN ORN0 2TO NS T Noo00 20 T el —oo-anT 2
N =Nrrr A5 S o e = 5 SR (R S e e
07 S raus NS § SESSREECORCE EEEC0FE£339930
SS558588 88 § 5888056 6 8 SF6 550%32ERE
2860 drw 15

NOTE:

1. Adrlo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time
AdrLo 16: MP Invalidate, CpCond (2).
AdrlLo 17: MP Stall, CpCond (3).

5.1 15



IDT79R3000A/AE RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS

Pin Name 10 Description

Data (0-31) /O | A 32-bit bus used for all instruction and data transmission among the processor, caches, memory interface,
and coprocessors. ’

DataP (0-3) | I/O | A 4-bit bus containing even parity over the data bus.

Tag (12-31) | /O | A 20-bit bus used for transferring cache tags and high addresses between the processor, caches, and memory
interface.

TagV /0 | The tag validity indicator.

Tag P (0-2) /O | A 3-bit bus containing even parity over the concatenation of TagV and Tag.

AdrLo (0-17) | O | An 18-bit bus containing byte addresses used for transferring low addresses from the processor to the caches
and memory interface. (AdrLo 16: CpCond (2), AdrLo 17: CpCond (3) set by reset initialization).

IRdT O | Read enable for the instruction cache.

Wrt O | Write enable for the instructon cache.

1Rd2 O | An identical copy of IRdT used to split the load.

Wr2 O’ | Anidentical copy of IWr1 used to split the load.

ICk O | The instruction cache address latch clock. This clock runs continuously.

DRd1 O | The read enable for the data cache.

DWr1 O | The write enable for the data cache.

DRd2 O | Anidentical copy of DRd1 used to split the load.

DWr2 . O | An identical copy of DWr1 used to split the load.

DCIk O | The data cache address latch clock. This clock runs continuously.

XEn O | The read enable for the Read Buffer.

AccTyp(0-2) | O | A3-bit bus used to indicate the size of data being transferred on the data bus, whether or not a data transfer is
occurring, and the purpose of the transfer.

MemWr O | Signals the occurrence of a main memory write.

MemRd O | Signals the occurrence of a main memory read.

BusError I | Signals the occurrence of a bus error during a main memory read or write.

Run O | Indicates whether the processor is in the run or stall state.

Exception . O | Indicates that the instruction about to commit state should be aborted and other exception related information.

SysOut O | Areflection of the internal processor clock used to generate the system clock.

CpSync O - | Aclock which is identical to SysOut and used by coprocessors for timing synchronization with the CPU.

RdBusy | | The main memory read stall termination signal. In most system designs RdBusy is normally asserted and is
deasserted only to indicate the successful completion of a memory read. RdBusy is sampled by the processor
only during memory read stalls.

WrBusy || The main memory write stall initiation/termination signal.

CpBusy I | The coprocessor busy stall initiationtermination signal.

CpCond (0-1)| | | A 2-bit bus used to transfer conditional branch status from the coprocessors to the main processor.

CpCond (2-3)| | | Conditional branch status from coprocessors to the processor. Function is provided on AdrLo 16/17 pins and is
selected at reset time.

MPStall I | Multiprocessing Stall. Signals to the processor that it should stall accesses to the caches in a multiprocessing
environment. This is physically the same pin as CpCond3; its use is determined at RESET initialization.

MPinvalidate | | | Multiprocessing Invalidate. Signals to the processor that it should issue invalidate data on the cache data bus.
The address to be invalidated is externally provided. This is the same pin as CpCond2; its use is determined at
RESET initialization.

Int (0-5) I | A 6-bit bus used by the memory interface and coprocessors to signal maskable interrupts to the processor. At
reset time, mode select values are read in.

2860 thl 05
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS (Continued)

Pin Name o

Description

Clk2xSys |

The master double frequency input clock used for generating SysOut.

Clk2xSmp I | Adouble frequency clock input used to determine the sample point for data coming into the processor and
COProcessors.

Clk2xRd 1 | Adouble frequency clock input used to determine the enable time of the cache RAMs.

Clk2xPhi | | Adouble frequency clock input used to determine the position of the internal phases, phaset and phase2.

Reset | | Synchronous initialization input used to force execution starting from the reset memory address. Reset must be

leading edge of SysOut.

deasseted synchronously but asserted asynchronously. The deassertion of Reset must be synchronized by the

2860 tol 06

' ABSOLUTE MAXIMUM RATINGS(" 3 RECOMMENDED OPERATING
Symbol Rating Commercial Military | Unit TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage | -0.5t0+7.0 | -0.5t1047.0| V Grade Temperature GND Vce
with Respect Military 55°C 10 +125°C | OV 5.0 £10%
to GND 16-33 MHZ (Case)
TA, Tc | Operating 0to+70% | -55t0+125| °C
Temperature (Ambient) (Case) Commercial 0°Cto +70°C ov 5.0 t5%
0 to +90 16-33 MHz (Ambient)
(Case) Commercial 0°C to +90°C ov 5.0 5%
TBIAS Case Temperature|-55 to +125* | 6510 +135 | °C 37-40 MHz (Casse)
Under Bias 0 to +90¢ 2860 1bl 09
Tsta Storage —55t0+125 | -65t0 +155 | °C
Temperature
IN Input Voltage —0.510+7.0 [-0.5t047.0| V OUTPUT LOADING FOR AC TESTING
2860 tol 07
NOTE:
1. Stresses greater thanthose listedunder ABSOLUTE MAXIMUMRATINGS
may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions
above those indicatedin the operational sections of this speciticationis not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability. v
2. VIN minimum = -3.0V for pulse width less than 15ns. REF :
VIN should not exceed Vec +0.5 Volts. 18V E%zerv-;%est
3. Notmorethan oneoutputshouldbe shorted atatime. Durationoftheshort  +!-
should not exceed 30 seconds.
4. 16-33 MHz only. 25pF
5. 37-40 MHz only.
-4mA
AC TEST CONDITIONS 2860 drw 16
Symbol Parameter Min. Max. Unit
VH Input HIGH Voltage 3.0 — \
Vi Input LOW Voltage — 0.4 \
VIHS Input HIGH Voltage 35 — \
ViLs Input LOW Voltage —_ 0.4 Vv
2860 tbl 08
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS—

COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VCC = +5.0V 15%)

79R3000A 79R3000AE
16.67MHz 20.0MHz 25.0MHz | 33.33MHz
Symbol Parameter Test Conditions Min. | Max. | Min. |Max. | Min. | Max. | Min. | Max. |Unit
VoH Output HIGH Voltage Vece = Min., IoH = -4mA 35 — | 35 — | 385 — | 35 —_ \
VoL Output LOW Voltage Vce = Min,, loL = 4mA — 04| — 04 | — 04 | — 04 | V
VoHc | Output HIGH Voltage(” Vce = Min., IoH = -4mA 40| — |40 | — |40 ]| — 40| — |V
VOHT | Output HIGH Voltage(4€) | Vcc = Min., IoH = -8mA 24 | — | 24| — |24 —lad | — |V
VoLt Output LOW Voltage(48) | Vcc = Min., loL = 8mA — | o8| — | o8| — o8| — |08 ]|V
VH Input HIGH Voltage(®) 20| — 20| — 20| — 20| — [V
viL Input LOW Voltage(? — | o8} — | o8| — | o8| — |o8 |V
VIHS Input HIGH Voltage(25) 30| — {30 | — |80 — |80 | — |V
ViLs Input LOW Voltage(:2) — | 04| — |04 | — | 04| — [O4 |V
CN Input Capacitance(®) — 10 | — 10 | — 10 | — 10 | pF
Cout - | Output Capacitance(®) —_ 10| — 10 | — 10 | — | 10 | pF
lec Operating Current Vee =5V, Ta = 70°C — 450 | — 550 | — 650 | — 750 | mA
IH Input HIGH Leakage(® VH = VCC — 100} — {100} — | 100} — | 100 | pA
I Input LOW Leakage(® ViL = GND 100 | — [-100{ — }-100} — [-100| — |pA
loz Output Tri-state Leakage | VOH = VCC, VoL = GND -100 | 100 | -100 | 100 | -100 | 100 | -100 | 100 | pA
2860 ! 10
NOTES:

1.

2
3.
4

NOoOO»

to give the designer further information about these specific signals.
. Vi should not be held above Vcc + 0.5 volts.
. Guaranteed by design.
. VoHc applies to RUN and Exception.

ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below -0.5 Volts for larger periods.
. VIS and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.
These parameters do not apply to the clock inputs.
. VoHT and VoLT apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are provided

5.1
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS—

"MILITARY TEMPERATURE RANGE (Tc = -55°C to +125°C, VCC = +5.0V £10%)

79R3000A 79R3000AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Min. | Max. | Min. |Max. | Min. { Max. { Min. { Max. {Unit
VOH Output HIGH Voltage vce = Min,, loH = -4mA 35 — 35 —_ 3.5 — —_ \
VoL Output LOW Voltage Vece = Min,, loL = 4mA - 04 | — 04 | — | 04 04 |V
Vouc | Output HIGH Voltage(” vce = Min,, loH = -4mA 40| — | 40 | — | 40 — |V
VOHT Output HIGH Voltage(4®) | Vce = Min,, loH = -8mA 2.4 — | 24 — | 24 41 — |V
VoLt Output LOW Voltage(48) | Vee = Min., loL = 8mA — | o8| — — o8 |V
ViH Input HIGH Voltage(®) 20 — | 20 20 | — |V
ViL Input LOW Voltage(!) — | o8| — — | o8 |V
ViHS Input HIGH Voltage(2-5) 30| — | 30 30 | — |V
ViLs Input LOW Voltage(12) — | 04 — |04 |V
CN Input Capacitance(®) — 10 —_ 10 | pF
Cout | Output Capacitance(®) - 10 — 10 { — | 10 [pF
Icc Operating Current Vce =5V, TA = 70°C — — 650 — 750 | mA
IH Input HIGH Leakage(® ViH = VCC — — | 100 | — [ 100 { pA
I Input LOW Leakage(® ViL = GND -100 100 | — |[-100 | — [pA
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100 } 100 | -100 | 100 }-100 | 100 | -100 | 100 | pA
2860 tbl 11

NOTES:

1. ViL Min. = -3.0V for pulse width less than 15ns. Vit should not fall below -0.5 Volts for larger periods.

2. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

3. These parameters do not apply to the clock inputs.

4. Vout and VoLt apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VORT and VoLT are provided

to give the designer further information about these specific signals.

N OO

. ViH should not be held above Vce + 0.5 volts.
. Guaranteed by design.
. VoHc applies to RUN and Exception.

5.1
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS—

COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, VCC = +5.0V +5%)

79R3000AE
37.0MHz 40.0MHz
Symbol Parameter Test Conditions Min. Max. Min. _ Max. Unit
VoH Qutput HIGH Voltage Vee = Min., IoH = -4mA 35 — 35 — \
VoL Qutput LOW Voltage Vce = Min,, loL = 4mA — 0.4 — 0.4 Y
VoHc | Output HIGH Voltage(” Vee = Min., 10H = -4mA 4.0 — v
VoHT | Output HIGH Voltage(48) | Vcc = Min., loH = -8mA 2 — v
VoLt Output LOW Voltage(#8) | Vce = Min., loL = 8mA 0.8 v
ViH Input HIGH Voltage®® —_ Vv
ViL Input LOW Voltage(" 0.8 v
VIHS Input HIGH Voltage(@5) — v
ViLs Input LOW Voltage(1:2) 0.4 Y
CIN Input Capacitance(®) 10 pF
Cout | Output Capacitance(® 10 pF
lcc Operating Current Vee = 5V, TA = 70°C 850 mA
IH Input HIGH Leakage(® VIH = VCC 100 uA
L Input LOW Leakage® ViL = GND -100 — -100 — pA
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100 100 -100 100 pA
2860 tbl 12

NOTES:

1. ViL Min. =-3.0V for pulse width less than 15ns. ViL should not fall below -0.5 Volts for larger periods.

2. Vs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

3. These parameters do not apply to the clock inputs.

4. VoHtand VoLT apply to the bidirectional data and tag busses only. Note that Vi1 and ViL also apply to these signals. VOHT and VoLT are provided

to give the designer further information about these specific signals.

No o

. ViH should not be held above Vce + 0.5 volts.
. Guaranteed by design.
. Vouc applies to RUN and Exception.
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:2:3)—

'COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VcC = +5.0V £5%)

NOTES:

1. Alltimings are referenced to 1.5V,

2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.

3. This parameter is guaranteed by design.

4. These parameters apply when the 79R3010 Floating Point Coprocessor is connected to the CPU. With phase lock on, Reset must be asserted
for the longer of 3000 clock cycles or 200 microseconds.

5. Teycis one CPU clock cycle (two cycles of a 2x clock).

6. With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.

7. Clock transition time < 2.5ns for 33.33MHz; clock transition time < 5ns for other speeds.

79R3000A 79R3000AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz_ |
Symbol Parameter Test Condltions | Min. | Max. [ Min. | Max. | Min.| Max. | Min. | Max. | unit

Clock
TckHigh| Input Clock High(?) Note 7 125 | — {10 | — 8 — 6 — ns
TckLow | Input Clock Low(2) Note 7 1256 | — | 10 | — 8 — 6 — ns
Tcke | Input Clock Period(¢) 30 500 | 25 | 500 | 20 [ 500 | 15 | 500 ns

Clk2xSys to Clk2XSmp!®) 0 |tcycrd| O |tcycrd| 0 |tcycra| o [tcyc/d| ns

Clk2xSmp to Clk2xRd(®) 0 |teyc/d| O |teyc/d| O |[tcyc/d] 0 |teyc/d| ns

Clk2xSmp to Clk2xPhi(®) 9 ftcyera| 7 fteyc/d| 5 |toycrd| 35 |teyc/d| ns
Run Operatlon
Toen | Data Enable(®) _ 2 — | -2 — | 18] — 1-15]| ns
ToDis | Data Disable(®) — -1 — | - — ] -05] — | -05] ns
Toval | Data Valid Load= 25pF — 3 — 3 — 2 — 2 ns
TwiDly | Write Delay Load= 25pF — 5 - 4 —_— 3 - 2 ns
Tos Data Set-up 9 — 8 - 6 — 4.5 — ns
ToH | Data Hold® 251 — |25 — |-25] — [-25] — ns
Tces | CpBusy Set-up 13 — 11 — 9 — 7 — ns
TceH | CpBusy Hold -2.5 — | 25| — |25 — [ -25| — ns
TAacTy | Access Type (1:0) Load= 25pF — 7 — 6 —_ 5 — 3.5 ns
TAT2 | Access Type (2) Load= 25pF — 17 — 14 — 12 — 8.5 ns
TMwr | Memory Write Load= 25pF — 27 —_ 23 — 18 — 9.5 ns
Texc | Exception Load= 25pF — 7 — 7 — 5 — 3.5 ns
TAval | Address Valid Load= 25pF — 2 — 2 — 1.5 — 1 ns
Tis | Int(n) Set-up 9 — 8 — 6 — | 45 | — ns
TintH | Int{n) Hold -2.5 — -2.5 — -2.5 — -2.5 s ns
Stall Operation
TsAval | Address Valid Load= 25pF — 30 — 23 — 20 — 15 ns
TsAcTy | Access Type Load= 25pF — 27 — 23 — 18 — | 135 ns
TMRdi | Memory Read Initiate Load= 25pF 1 27 1 23 1 18 1 135 ns
TMRdt | Memory Read Terminate Load= 25pF — 27 — 23 — 18 — 10 ns
Tstl Run Terminate Load= 25pF 3 17 3 15 3 10 2 7.5 ns
TRun | Run Initiate Load= 25pF — 7 — 6 — 4 — 3 ns
Tsmwr | Memory Write Load= 25pF 3 27 3 23 3 18 2 9.5 ns
TsExc | Exception Valid Load= 25pF — 15 — 13 — 10 — 75 ns
Reset Initialization
TRST. | Reset Pulse Width 6 — 6 — 6 — 6 — | Teyc
TrstPLL | Reset timing, Phase-lock on(4:5) 3000 | — |3000| — |3000] — [3000] — | Teyc
Trstcp | Reset timing, Phase-lock off(4.5) 128 | — | 128 — | 128 — | 128 | — | Teye
Capacitive Load Deration
CLD [Load Derate(® Jos T 2 JTos] 1 Jos] 1 ] o] 1 JnsespF

2860 tbl 13
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IDT79R3000A/AE RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:2:3)—
MILITARY TEMPERATURE RANGE (Tc = -55°C to +125°C, VCC = +5.0V +10%)

79R3000A 79R3000AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol © Parameter Test Conditions Mln.l Max. | Min. | Max. Mln.] Max. | Min. | Max. | Unit
Clock
Tckhigh] Input Clock Hight@) Note 7 125 | — 10 | — 8 —
Tcktow| Input Clock Low(2) Note 7 - 125 — | 10 | — 8 —
Tckp [ Input Clock Period!<! 30 500 | 256 | 500 | 20 | Sso0
Clk2xSys to CIk2XSmp'®) ‘ 0 |teycrd] 0 |[tcycrd| 0 |toycra
Clk2xSmp to Clk2xRd'6) 0 |teycd| O |teyc/d| O |teycrd
Clk2xSmp to Clk2xPhi(®) 9 fteyera| 7 lteycra| & | teyeld
Run Operation ‘
TDEn | Data Enable®
Tonis | Data Disable(®
Toval | Data Valid Load= 25pF

TwrDiy | Write Delay Load= 25pF

Tos | Data Set-up

ToH | Data Hold®

Tces | CpBusy Set-up

TcB8H | CpBusy Hold

TAcTy | Access Type (1:0) Load= 25pF

TAT2 | Access Type (2) Load= 25pF

Tmwr | Memory Write Load= 25pF

Texc | Exception Load= 25pF

TAval | Address Valid Load= 25pF

Tints | Int(n) Set-up

Tin4 | Int(n) Hold

Stall Operation

TsAval | Address Valid Load= 25pF

TsAcTy | Access Type - Load= 25pF ns

TMRdi | Memory Read Initiate Load= 25pF ns

TMRd: | Memory Read Terminate Load= 25pF ns

Tstl Run Terminate Load= 25pF ns

TrRun | Run Initiate Load= 25pF ns

Tsmwr | Memory Write Load= 25pF ns

Tsexc | Exception Valid Load= 25pF ns

Reset Initialization

TAST | Reset Pulse Width 6 Teye

TrsiPLL | Reset timing, Phase-lock on{4:5) 3000 — {3000 — [3000] — | Teyc

Trstep | Reset timing, Phase-lock off4:5) 128 | — (128} — [ 128 | — | Teye

Capacitive Load Deration )

CLD |Load Derate® | Jos | 2 Josj 1 [os5]| 1 [ o | 1 [ns25pF
- 2860 tbl 14

NOTES:

1.
2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.

3.

4. These parameters apply when the 79R3010 Floating Point Coprocessor is connected to the CPU. With phase lock on, Reset must be asserted

~NoO»,

All timings are referenced to 1.5V.
This parameter is guaranteed by design.

for the longer of 3000 clock cycles or 200 microseconds.

. Teye is one CPU clock eycle (two cycles of a 2x clock).
. With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.
. Clock transition time < 2.5ns for 33.33MHz; clock transition time < 5ns for other speeds.
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:2.3)—

"COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, Vcc = +5.0V 5%)

79R3000AE
37.0MHz 40.0MHz
Symbol Parameter Test Conditions Min. Max. Min. l Max. Unit
Clock
TckHigh] Input Clock High@ Note 7 55 — 5 — | ns
Tckiow | Input Clock Low(?) Note 7 55 5
Tckp | Input Clock Periodt?) 135 2.
Clk2xSys to Clk2XSmp(6) 0 0
Clk2xSmp to Clk2xRd(®) 0 0
Clk2xSmp to Clk2xPhi(® 3.5 3
Run Operation
Toen | Data Enable(d) —
Toois | Data Disable(®) —
Tpval | Data Valid Load= 25pF —
TwrDiy | Write Delay Load= 25pF —
Tos Data Set-up 45
ToH | Data Hold® 2.5
Tces | CpBusy Set-up 6
TcsH | CpBusy Hold -2.5
TAcTy | Access Type (1:0) Load= 25pF —
TAT2 | Access Type (2) Load= 25pF —_
Tmwr | Memory Write Load= 25pF —
Texc | Exception Load= 25pF —
TAval | Address Valid Load= 25pF —
Tints | Tnt(n) Set-up ] 45
Tin | Int(n) Hold 2.5
Stall Operation
TsAval | Address Valid Load= 25pF — — 12.5 ns
TSAcTy | Access Type Load= 25pF — 9 ns
TMRdi | Memory Read Initiate Load= 25pF — 9 ns
TMRdt | Memory Read Terminate Load= 25pF — 9 ns
Tsu Run Terminate Load= 25pF 2 6 ns
TRun | Run Initiate Load= 25pF — 3 ns
Tsmwr | Memory Write Load= 25pF 2 9 ns
TsExc | Exception Valid Load= 25pF — 6 ns
Reset Initialization
TRST | Reset Pulse Width BE 6 — Tcye
TrstPLL | Reset timing, Phase-lock onf4:5) 3000 — Teye
Trstep | Reset timing, Phase-lock off(4.5) 128 — Teye
Capacitive Load Deration
CLD |Load Derate(® [ os | T 0 1 ns/25pF
2860 tbl 15
NOTES:
1. Alltimings are referenced to 1.5V.
2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.
3. This parameter is guaranteed by design. .
4. These parameters apply when the 79R3010 Floating Point Coprocessor is connected to the CPU. With phase lock on, Reset must be asserted
for the longer of 3000 clock cycles or 200 microseconds.
5. Teycis one CPU clock cycle (two cycles of a 2x clock).
6. With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.
7. Clock transition time < 2.5ns.
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IDT79R3000A/AE RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

Teklow —»}e — Tckp Tekhigh '
Clk2xSys

Tsm
CIk2xSmp m ,‘: M
. Trd
Clk2xRd m ,l; l
ClkexPhi m 2 N

2860 drw 17

Figure 12. Input Clock Timing -
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Figure 13. Processor Reference Clock Timing

* These signals are not actually output from the processor.
They are drawn to provide a reference for other timing diagrams.
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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Figure 14. Synchronous Memory (Cache) Timing
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IDT79R3000A/AE RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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Figure 15. Memory Write Timing
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Figure 17. Coprocessor Load/Store Timing
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Figure 18. Interrupt Timing
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Figure 19. Mode Vector Initialization

NOTES:

1. Reset mustbe negated synchronously; however, it should be asserted asynchronously. Designs must not rely on the proper functioning of SysQut prior
to the assertion of Reset.

2. If Phase-Lock On or R3000 Mode are asserted as mode select options, they should be asserted throughout the Reset period, to insure that the slowest
coprocessor in the system has sufficient time to lock to the CPU clocks.

3. Resetis actually sampled in both Phase 1 and Phase 2. To insure proper initialization, it must be negated relative to the end of Phase 1.
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ORDERING INFORMATION

DT XXXXX - XX X X
Device Type Speed Package Process/
Temperature
Range
Blank Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B
M Military Temperature Range Only
GD175 175-Pin PGA (Cavity Down)
GD144 144-Pin PGA (Cavity Down)
F 172-Pin Flat Pack (Cavity Down)
PM 160-Pin Plastic Quad Flat
16 16.67 MHz
20 20.0 MHz
25 25.0 MHz
33 33.33 MHz
37
40

| 79R3000A RISC CPU Processor
| 79R3000AE  Enhanced Timing Version

2860drw 25

VALID COMBINATIONS
IDT 79R3000A - 16, 20 All packages
79R3000A - 16, 20B, M GD144, GD 175, F
79R3000AE - 25, 33 B, M GD144,GD 175, F

79R3000AE - 25, 33, 37, 40 GD144,GD 175, F

AE2860-0
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RISController™ IDT79R3001
CPU FOR HIGH-PERFORMANCE
EMBEDDED SYSTEMS
Integrated Device Technology, Inc.
FEATURES + Supports caches from 8 Kbytes to 16Mbytes

Enhanced Instruction Set compatible version of « Independent block refill sizes for the instruction and data
IDT79R3000 RISC CPU caches
« Achieves high-performance with reduced parts count + Concurrent cache refill and execution
and lower overall system cost + Works on 8-, 16- and 32-bit data
« Flexible on-chip cache controller supports various + Supports unaligned 32-bit data
cache, main memory sizes + Optimizing compilers for C, Ada, Pascal, Fortran
« Supports optional data parity with parity error output + RTOS support for C or Ada environments
signal
«  Works with IDT79R3010 RISC Floating-Point DESCRIPTION:
Coprocessor The IDT79R3001 brings the high-performance inherent in
« DMA interface support the IDT79R3000 RISC Microprocessortio lower cost systems.

+ Large synchronous memory space for real-time systems It does this while maintaining full (both User and Kernel)
+ Full 32-bit operations — 32-bit registers, 32-bit address  software compatibility with both the IDT79R2000A and

and data interface IDT79R3000 RISC Microprocessors.
« On-chip memory management unit with 64 fully associa- The IDT79R3001 achieves lower system cost by reducing
tive TLB entries maps 4 Gbyte virtual address space the number of components required to construct a synchro-
+ High-speed interrupt response (6 interrupt input pins) nous memory (or cache) external to the processor and by
with precise exception capability simplifying the asynchronous memory interface. By removing
+ High-speed CEMOS™ technology results in speeds the requirement for parity and allowing the system designer to
from 12.5 to 40MHz select the cache organization which best suits the system,
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overall parts count is dramatically reduced while maintaining
high performance.

The IDT79R3001 RISC Microprocessor extends the ability
of the IDT79R3000 family to support embedded and cost
sensitive applications. Its level of integration and flexibility
allows high-performance systems to be constructed at rea-
sonable cost in a straightforward manner, without forcing the
system designer to support features not required in his appli-
cation.

The IDT79R3001 consists of twotightly coupled processors
integrated on a single chip. The first processor is a full 32-bit
CPU based on RISC principles to achieve a new standard of
performance in microprocessor based systems. The second
processor is a system control co-processor, called CPO,
containing a fully associative 64-entry TLB (Translation
Lookaside Buffer), MMU (Memory Management Unit), and
control registers, supporting a 4 Gigabyte virtual memory
subsystem and aHarvard Architecture Synchronous Memory/
Cache controller which achieves ultra-high bandwidth using
industry standard SRAM devices.

This data sheet provides an overview of the features and
architecture of the IDT79R3001 CPU. A more detailed
description of the operation and timing of this device is
incorporated in the “IDT79R3001 Hardware User’s Guide,”
and a detailed architectural overview is provided in the “mips
RISC Architecture” book, both available from IDT. Further
literature describing the hardware, software, and develop-
ment tools for the IDT79R3001 are also available from IDT.

HARDWARE OVERVIEW

The IDT79R3001 is a high-performance RISC micropro-
cessor incorporating a fast execution engine and sophisti-
cated yet flexible memory interface designed to support the
processor bandwidth requirements at minimal system cost.

Execution Engine

ThelDT79R3001 containsthe same basic execution engine
asthe ultra-high performance IDT79R3000 and thus achieves
over 28 MIPS performance at 33 MHz.

Thekeytothe performance of the processoristhe instruction
pipeline, illustrated in Figure 2. The execution of a single
IDT79R3001 instruction consists of five primary steps, some
of which may be broken down further into smaller subsets.

The five primary stages of the pipeline, each of which
require approximately one CPU cycle, are:

IF Instruction Fetch, when the processor fetches the
instruction from the Instruction Synchronous
Memory.

RD Read required operands from on-chip register file
while decoding the instruction.

ALU  Perform the required operation on instruction
operands.

MEM Access data memory (load or store).

wB Write results back to register file.

IF | RD ALU MEM wB
F'MemOfY Reg. | Operation | D-Memory | Write
[
—
One Cycle

2873 drw 02
Figure 2. IDT79R3001 Five-Stage Pipeline

Thus, the CPU achieves an average execution rate
approaching one instruction per CPU cycle, since the execu-
tion of five instructions at a time are overlapped within the
processor (Figure 3). Optimizing compiler technology fully
comprehends the interaction of software with the various
pipeline resources, and serves to both eliminate any potential
pipeline conflicts which might arise and to maximize instruc-
tion throughput.

The IDT79R3001 Memory Interfaces

The key to achieving the inherent ‘performance of the
IDT79R3001 is to design a memory subsystem capable of
providing a new instruction to the processor on almost every
clock cycle.

Like the IDT79R3000, the IDT79R3001 supports a hierar-
chical view of the memory subsystem. However, the
IDT79R3001 allows the systemdesigner to make more trade-
offs in the partitioning and architecture of the various levels in
order to more completely meet the needs of certain types of
applications.

The IDT79R3001 supports two classifications of external
memory: synchronous and asynchronous. The Harvard-
Architecture (separate instruction and data memories) syn-
chronous memory allows the processorto achieve the highest
levels of performance. The processoris able to obtainbothan
instruction and data word from the synchronous memory on
every clock cycle, resulting in high instruction and data
throughput.

| IF | RD |ALU’MEM

=

Instruction
Flow

Current
CPU
Cycle

2873 drw 03

Figure 3. Instruction Execution in IDT79R3001 Pipeline
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The asynchronous memory space contains larger, slower
‘memory devices such as EPROM, main memory DRAMs,
and peripheral devices. Multiple clock cycles are required for
data movement in the asynchronous memory.

Many systems implement a memory hierarchy between
thesetwo memory spaces, whereby the synchronous memory
space is used as processor caches and the asynchronous
memory space is used for main memory. The IDT79R3001
integrates a flexible Direct-Mapped Cache Controller On-
Chip, eliminating external cache control logic and minimizing
cache management overhead. If the synchronous memory
space is used for processor caches, then cache “misses” will
cause the processor to automatically process an asynchro-
nous memory transfer to refill the cache.

The key to achieving the system cost and performance
goals of an IDT79R3001-based system is to partition the
memory system to the needs of the application.

Synchronous Memory System

As with any high-performance processor, the IDT79R3001
requires high-bandwidth to achieve high-performance. Thus,
it is important that the majority of its execution occur in the
synchronous memory space. In applications which require
substantial amounts of main memory, this memory space will
be implemented as instruction and data caches.

The synchronous memory is designed to be able to supply
both an instruction and data word to the processor on each
clock cycle. Whenthe synchronous memory spaces are used
as caches, thenthey are usedto hold instruction and data that
is repetitively accessed by the CPU (for example, within a
program loop). This reduces the number of slower asynchro-
nous memory cycles and thus achieves higher performance.

Some microprocessors incorporate smallamounts of cache
on-chip, which has a very small and unpredictable effect on
the execution of large programs. The IDT79R3001 supports

! 1 ! 2 i 1 ! 2 l

I (Instruction ! I (Instruction ! !

! Read) | (DataRead) | Read) | (Data Store) |

[} 1 1 1 1

AddrLo Data Addr X Instr. Addr X Data Addr X Instr. Addr X
] 1

DCIk

ICKk

i
DRd _E—__\_‘_/
!
— =
DWr
|
Dataand | /- \
TAG Buses 1 \ /i
E Inst. RAM | Data RAM E

Instr. RAM E CPU Data Pins
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Figure 4. Synchronous Memory Control Timing

caches of from 8kB in size up through 16MB, thus bringing
substantial performance improvements to very large pro-
grams and also allowing real-time systemdesigners to design
cache-based systems to support deterministic requirements.

ThelDT79R3001 directly controls the synchronous memory
interface (whether it is being used as caches or not) with a
minimum of externalcomponents. The IDT79R3001 includes
all control signals and cache TAG control logic (for a direct
mapped cache)forthe synchronous memory interfaces. Parity
over the data portion of each synchronous memory can be
optionally selected at RESET time for applications which
desire to make this cost trade-off.

The synchronous interface works by dividing the basic
CPU cycles into two phases. During one phase, a cache
address is presented by the processor and captured by
external latches (the latch control signals are directly gener-
ated by the CPU). During the next phase, the address for the
other memory space is generated and captured while the data
movement operation or the first cache is completed. The
processor directly generates the SRAM Output Enable and
Write Enable signals and the address latch enable signals,
requiring no external decoding. Thisis illustrated in Figure 4.

Further,the IDT79R3001 supportsthe ability to refill multiple
words into the cache from main memory when a cache-miss
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occurs, further reducing system cost and increasing perfor-
mance incache-based systems. The IDT79R3001 canobtain
1, 4, 8, 16, or 32 words from main memory when processing
a cache-miss, thus amortizing the cache-miss penalty over a
large amount of data.

TheDT79R3001 also performsnnstmctlon streaming, whlch
is the simultaneous execution of incoming instructions while
the cache is being refilled.

The actual width of the tag bus, and whether or not parity
over the data parts of each synchronous memory is included,
is determined according to how the device is initialized. The
IDT79R3001 can accommodate a TAG bus width of 0-19 bits,
compatible with a variety of cache sizes and cacheable main

memory choices. The IDT79R3001 allows the system de-
signer to scale the synchronous memory system exactly
according to the system needs, thus eliminating extramemory
and logic devices and achieving substantial cost savings with
no loss of performance.

Thus, the synchronous memory interface ofthe IDT79R3001
allowsfor high-bandwidth memory systemsto be implemented
with a minimum of control logic. This is desirable, since RISC
performance tends to be a function of memory bandwidth. By
simplifying the design of the synchronous memory system
(llustrated in Figure 5), it is easier for the system designer to
achieve high performance with minimum chip count and
without requiring ultra-fast or specialty components.

IDT79R3001
RISController
N Data TAG
/ (Data Parity) Valid
DWr_IRd__ICk
Addrlo DClk DRd IWr
FCT373A |« L» FCT373A
Data Data Instructlon Instruchon
Cache ‘ Cache ‘—W_E W—E’ Cache ac e
Tags Data Data Tags
(SRAM) [*—] (SRAM) OF oF (SRAM) [ (SRAM)
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Figure 5. IDT79R3001 Synchronous Interface

The TAG Bus

The TAG bus of the IDT79R3001. has been designed to
allow the system designer to implement the exact cache
configuration that is right for the system. For larger caches,
low-order TAG bits do not need to be supplied for the TAG
comparison. Additionally, the number of high-order TAG bits
supplied is determined by the system designer, according to
the amount of cacheable main memory the system supports.
Since most embedded systems would tend to implement
caches of 16KB and greater, and cacheable memory spaces
of 32MB or smaller, significant cost and area reductions are
achieved by configuring a smaller TAG bus.

The system configures the on-chip TAG comparator at
RESET Initialization time. If a TAG bit is not to be included in
the synchronous memory TAG bit compare, a pull-down
resistor of 4kQ is connected to the appropriate IDT79R3001
TAG pin. If a TAG bit is to be included, no resistor is required
(the IDT79R3001 pulls floating inputs to Vcc during RESET
by a smallpull-up, which is disabled when RESET is negated).

If a TAG bit is excluded from the cycle-by-cycle compari-
son, it is still driven out with the appropriate address value
duringwrite cycles or asynchronous memory reads. Thus, the
system designer still has the full 4 Gbyte of address space
available for address decoding, without requiring the syn-
chronous memory to be able to cache all such addresses.
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Figure 6 illustrates a reduced system, which implements
16KB of Instruction and 16KB of data cache, and 512MB of
cacheable address space, using just 6 IDT71586 4Kx16
Latched CacheRAM™ components and 4 pull-downresistors.

Note that in systems which do not implement the syn-
chronous memory space as cache, then pull-down resistors

would be added to all TAG pins. The Valid Pin still needs to
be supplied on each cycle, thus allowing various memory
schemes to be implemented (such as static column DRAM).
However, the IDT79R3001 can be initialized to not assert the
Valid pin as an output during Write cycles, simplifying the
design of logic to drive the signal.

IDT79R3001
RISControlier
TAG 13, 29:31
———— N pata TAG 14:28
A/ (Data Parity) Valid
DWr 1Rd ICk
Addilo DCk DRd TWr 4k
Data Data I | Instruction Instruction
Qrache CDache ‘LE LE CDache B 'CTache
ags ata T WE ata ags
IDT7i586 [*]2xiDT71586( WE WE | oxiDT71586[*| IDT71586
1t T o {T
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Figure 6. Small Footprin

Cache Update

When the on-chip TAG comparator indicates that the item
read from the cache was not the desired item, a cache-miss
is processed. A main memory (asynchronous) transfer is
automatically processed.

The IDT79R3001 desires to update the cache using aburst
refill of multiple adjacent words from main memory. The
processor is “stalled” until the first word of the block is
available. The processor is then released, and the block of
words is brought into the cache at the rate of one word per
CPU clock cycle.

Note thatif the cache-miss was in the instruction cache, the
processor is capable of simultaneously executing the incoming
instruction stream as the cache is updated, thus effectively
making the cache update transparent to the system and
increasing performance.

Write Cycles
The IDT79R3001 utilizes a write through cache. That is,
data written by the processor is both written to the cache and

t Cache for IDT79R3001

main memory simultaneously. Thus, main memory always
has a current copy of all data.

Typically, latching devices are used between the cache
subsystem andthe slower main memory. These Write Buffers
capturethe data simultaneous with the cache update, allowing
the processor to continue to the next cycle without actually
waiting for the main memory transfer to complete. The
IDT79R3001 generates parity over the data field on write
cycles, which can be propagated into both the synchronous
and asynchronous memory spaces.

When the processor writes less than a 32-bit quantity (a
“partial” word), the processor can perform a “read-modify-
write” of the cache. That is, the processor will read the 32-bit
word containing the partial address(es) to be updated fromthe
cache. If a “hit” occurs, then the new data will be merged with
the old and the new 32-bit value will be written both to the
cache andto mainmemory. If acache “miss” occurs, thenonly
the partial data is written to main memory and the cache is
unchanged. Partial word capability is selected as a RESET
option.

5.
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THE ASYNCHRONOUS MEMORY INTERFACE

The IDT79R3001 also supports an asynchronous memory
interface, which supports the use of slower memory devices
such as slow DRAM or EPROM and also supports the use of
peripherals and other “non-cacheable” devices.

In general, if a cache-miss (or parity error, ii enabled)
occurs, the processor will automatically use the asynchro-
nous memory interface to retrieve the desired data, and will
update the cache accordingly.

Additionally, software can force the use ofthe asynchronous
memory space throughthe use of the on-chip MMU. Whenthe
processor seeks either instructions or data within a certain
address range (kseg1), the processor knows that this data is
uncacheable and will perform an asynchronous memory
transfer. Additionally, within cacheable memory, TLB entries
can be used to make certain pages as “uncacheable”. When
an address of an “uncacheable” page is used, the processor
will automatically use the asynchronous memory space.

The asynchronous memory space uses the same data bus
as the synchronous memory space. This facilitates the
automatic updating of cache memory when the asynchronous
memory is accessed due to cache-miss activity or memory
writes. The asynchronous address bus is composed fromthe
synchronous memory AddrLo bus, andthe TAG bus. External
logic devices (such as IDT74FCT374A registers) are used to
capture AddrLo and TAG values for the asynchronous transfer

address. Notethat systems which exclude individual TAGbits
from comparison (to reduce cache width) still have all TAGs
available as outputs.

The data path between the processor and the asynchro-
nous memory space is managed according to the needs of the
application. Write Buffer FIFO devices, such as the
IDT79R3020, are used to capture address and data during
store cycles. These devices are used to capture the data in
one-cycle, and allow the processor to continue to execute
from the synchronous memory while the slower asynchro-
nous memory actual retires the write.

The read pathis also constructed according to the needs of
the system. If block refill is used, then the read path is highly
dependentonthe designof the mainmemory system. Pipeline
devices such as IDT74FCT540A, or simple latches such as
IDT74FCT374, may be used.

A simple asynchronous memory interface is shown in
Figure 7. In this system, main memory is assumed to be fast
enough to support the block refill requirements of the system,
thus simplitying the read path. Infact, both the read and write
data paths are actually managed through a single set of
IDT29FCT52A bidirectional latching transceivers.

During write cycles (which are typically captured by Write
Buffers), the processor asserts MemWr to indicate that a write
cycle is in progress. The memory system negates WrBusy to
indicate that the processor is done with the write cycle.

1 [
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Figure 7. IDT79R3001 Asynchronous Interface
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Figure 8. IDT79R3001 Interface to IDT79R3010 Floating Point Co-Processor

During read cycles, the processor will assert MemRd to
indicate that a main memory read is in progress. The memory
system will hold RdBusy active until the desired data is
available. The processor will activate the XEn signal to allow
data to be passed from the main memory to the processor
databus. If the cache is to be updated with the new data, then
the processor will assert the appropriate cache write signal to
allow the cache RAMs to capture the incoming databus.

The AccTyp bus is used to indicate the size of the data
transfer (8, 16, 24, or 32 bits), and for main memory reads,
whether or not the data is “cacheable”. This simplifies the
main memory address decoding, since the AccTyp indicates
whether the main memory needs to perform a burst read of
multiple words.

Co-Processor Interface

The IDT79R3001 implements a co-processor interface,
which allows the use of the IDT79R3010 high-performance
RISC Floating Point Accelerator without requiring the use of
external interface components.

The co-processor interface has been designed to make
system co-processors appear to the programmer as if they
were on-chip extensions of the core execution engine. Thus,
the IDT79R3010 FPA works as a true co-processor, rather
than as a peripheral which must be programmed.

In the IDT79R3001 co-processor model, the CPU is
responsible for controlling all data cycles. The co-processor
keeps in synchronization with the CPU (including the pipeline
stages), and uses a Phase-Locked Loop to keep synchronized

withthe processorbustraffic. The co-processorthen “snoops”
the data bus, watching for co-processor instructions. It also
knows when data cycles on the bus are intended for it (either
as a targetin co-processor load operations, or as a source for
co-processor restore operations), and performs the data
portionofthe operationwhenappropriate. Thus, co-processors
effectively load and store directly withmemory, without requiring
operands to go through the CPU first. This achieves the
highest levels of performance (note that the co-processor
interface also supports move, whereby data can be moved
directly between the CPU and any co-processor).

Figure 8 illustrates the use of the IDT79R3010 in a
IDT79R3001 system. The co-processor interface manages
synchronization between the parts, and is used to communi-
cate status fromthe co-processortothe CPU. CpBusy, orco-
processor busy, stalls the CPU until the busy co-processor
resource (requested by a co-processor instruction) is free,
and CpCond, or co-processor condition, is used to report
status on co-processor test instructions. CpSync, is used to
helpthe co-processor stay “locked”to the CPU, so that the co-
processor knows when data is on the bus to be sampled on
load operations or when to place data on the bus for store
operations.

Note thatthe co-processor sits onthe same data bus asthe
CPU, but has no connection to the address bus. The CPU is
responsible for performing all memory addressing, including
the determination of “cache hit”, write-buffer full cycles, and
any processing that might be required for cache misses.
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INTERRUPTS

The IDT79R3001 features 6 separate interrupt input pins.
Interrupts are not vectored, but rather cause the general
exception vector address to be the next execution address.

These pins are not encoded internally; external logic can
choose to implement these interrupt lines as either 6 or 64
interrupt sources; software would then perform the appropri-
ate decoding to get to the specific interrupt handler.

Interrupts are recognized in the ALU stage of the on-chip
pipeline. Instructions less advanced in the pipeline are
“flushed” and will be restarted when the return from exception
occurs (an on-chip register contains the address of the
instructionwhichwas excepted). Instructions further advanced
in the pipeline are allowed to continue. Unlike other RISC
processors, the IDT79R3001 does not require the program-
mer to save and restore pipeline status to allow normal
execution to be resumed. Depending on the application and
exception, at most software would need to save/restore the
on-chip data registers, status register, Exception PC and
exception “cause” register.

Note that the co-processor model includes “precise ex-
ceptions.” That is, an exception is signaled to the exact
instruction which generated the exceptional condition. No
further state commitments are made by the IDT79R3001 and,
thus, the exact context at the time of the exception is known
to the programmer. This is true even for multi-cycle opera-
tions, such as those of the FPA.

DMA INTERFACE

The IDT79R3001 features a simple DMA interface which
allows an external master to gain control of the synchronous
memory space. Note that it is not necessary to include logic
onthe CPU to arbitrate for the asynchronous memory space;
the read/write buffer interface is where such arbitration logic
belongs and it is left to the system designer to implement the
type of asynchronous memory structure that best fits the
application.

When an external master “owns” the synchronous bus, the
CPU will tri-state the following pins and buses:

AddrLo: The Synchronous memory direct address bus.

Data & Tag: The synchronous memory RAM data lines.

Cache Control: 1Rd, IWr, IClk, DRd, DWr and DCIk. This
allows the external masterto use the existing control
lines to control the synchronous memory.

XEn: The read buffer transceiver enable, which will
allow the external master to use the read/write
buffer path for DMA.

Valid: This enables the DMA interface to be used for
multi-processing applications.

3 ‘ Sychronous -9
Tag  Data —> '373A Data
Addrlo [ Memory < »
1
Cache Ctrl y
\ A
IDT79R3001
RISController Sychronous |4
L '373A | Instruction
Memory < >
DMAStall
Req. - AddrLo Cache
: Ctrl )
Tag _____l \ A
Coa?fci\ller Async I/F > Async. I/F
Ctrl
Main Mem Ctrl > Moernil/oory
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Figure 9. IDT79R3001 DMA Interface
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Input W Cycle X Cycle Y Cycle Z Cycle.

Int0 Reserved Reserved Reserved Reserved

Int? Reserved Reserved Reserved Reserved

int2 DBIKkSize0 DBIkSizeT Parity On Valid Output

Int3 1BIkSize0 BlkSize1 StorePartial ControlLow

int4 PliOn Pilon PllOn Plion

Int5 Reserved BigEndian TriState Reserved

NOTE: 2873 tol 01

t. Reserved signals must be "high” during these cycles.

Table 1. IDT79R3001 Mode Selectable Features

The DMA interface consists of a single input signal,
DMAStall, which causes the processor to stall and to tri-state
the above named lines. The external master is guaranteed
mastership of the bus within a very short number of cycles,
depending onthe exact external bus activity of the CPUwhen
the DMA was requested. The DMA master negates the
DMAStall signal when the DMA operation is completed to
allowthe CPUto resume processing. Consultthe “IDT79R3001
Hardware User's Guide” for more details.

Figure 9 illustrates the system connection of an external
DMA master to a IDT79R3001 system.

ADVANCED FEATURES

The IDT79R3001 contains special features which provide
added flexibility across a number of applications, as well as
allow for system diagnostic support.

Insupport of diagnostics, the IDT79R3001 allows forcache
“swapping” (interchange of which memory bank is for instruc-
tionandwhichisfor data), whichisusefulin systeminitialization,
cache flushing, and diagnostics. Additionally, the caches can
be “isolated” from main memory, which forces cache “hits” to
occur regardless of the tag comparison, and which is useful in
determining that the synchronous memory space RAMs are
functional. :

An additional feature is the ability to enable parity checking
over the data field of each synchronous memory. If parity is

General Purposé Registers Multiply/Divide Registers

31 0 31 0
0 [ HI |
. 31 0

r2 L

Lo |

Program Counter

e o o o

31
129 |

30
31

]

PC
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Figure 10. IDT79R3001 Registers

enabled, the processor will check the parity when a synchro-
nous access occurs; if a parity error is detected, it is signaled
to the external world on the Parity Error signal and a cache-
misscycle is processed. the Parity Error signal will remain low
until the parity error flag in the CPO status register is cleared
by software.

A number of other system selectable features are selected
at reset time. The input reset “vectors” are sampled on the
interrupt input lines during the last four cycles of the reset
period. The input vectors are listed in Table 1. These
selections include the ability to select the block refill sizes for
each of the instruction and data memories, whether Big
EndianorLittle Endianorderis to beused, whethertouse data
parity, and whether or not to accommodate a Phase-Locked
Loop for a co-processor. The initialization of the CPU and
meaning of each input vector is more fully explained in the
“IDT79R3001 Hardware User’s Guide”.

PROCESSOR ARCHITECTURE

The IDT79R3001 is a full implementation of the
IDT79R2000A/IDT79R3000 Instruction Set Architecture (the
MIPS-1ISA). This architecture is discussed in great detail in
“mips RISC Architecture,” available from IDT.

IDT79R3001 CPU Registers

The IDT79R3001 CPU provides 32 general purpose
(orthogonal) 32-bit registers, a 32-bit Program Counter and
two 32-bit registers used to hold the results of the CPU integer
multiply and divide operations. i

Two of the 32 general registers have special purposes
designed to increase processor performance: register r0 is
hardwired to the value “0", a useful constant; and register r31
is used as the link register in jump-and-link instructions (the
return address for subroutine calls). Otherwise, there is no
requirement that a particular register be used as a stack or
frame pointer, etc., although there is a register convention as
part of the “mips ABI" (Applications Binary Interface standard)
which the compiler suite uses.

The CPU registers are illustrated in Figure 10. Note that
there is no Program Status Word register shown inthis figure.
The functions traditionally provided by a PSW register are
instead provided in the Status and Cause Registers incorpo-
rated within the on-chip System Contro! Co-Processor (CP0).
The instruction set does not use condition codes.
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Instruction Set Overview
AllIDT79R3001 instructions are 32 bits long and there are

only three instruction formats (see Figure 11). This approach

simplifies decoding, thus minimizing instruction execution
time. The IDT79R3001 processor initiates a new instruction
on every RUN cycle, and is able to complete an instruction on
almost every clock cycle. The only exceptions are the LOAD
instructions and BRANCH instructions, which each have a
single cycle of latency associated with their execution (that is,
the instructionimmediately afterthe branchis always executed
regardless of the branch condition; similarly, the data loaded
by a LOAD instruction is not available to the subsequent
instruction). However, in the majority of cases the compilers

(and even the MIPS assembler) are able to reorder instruc-

tions to fill these latency cycles with useful instructions which

do not require the results of the previous instruction (in the
worst case, @ NOP instruction is inserted). This effectively
eliminates these latency effects and does not require the
applications programmerto be aware of the pipeline structure.

The actual instruction set of the CPU was determined after
extensive simulations to determine which instructions should
be implemented in hardware and which operations are best
synthesized in software from other basic operations. This
methodology has resulted in the highest performance
processor available.

The IDT79R3001 instruction set can be divided into the
following groups:

+ Load/Store Instructions move data between memory
and the general registers. These are all “I-Type” instruc-
tions. The only addressing mode supported is base regis-
ter plus signed, immediate 16-bit offset. This effectively
allows three addressing modes: register plus offset, reg-
ister (using zero offset), and immediate (using r0,the zero
register).

The Load instruction has a single cycle of latency, as
described above. Thatis, the instruction immediately after
the load instruction cannot rely on the new data; however,
the assembler and compilers automatically handle this,
reordering code to insure that no conflicts occur. Note that
the store operation has no latency in its effect.

Loads and stores can be performed on byte, half-word,
word, or unaligned word data (32-bit data not aligned on a
modulo-4 address).

» Computational instructions perform arithmetic, logical, and
shift operations on values in registers. They occur in both
“R-Type” (both operands and the result are general regis-
ters), and “I-Type” (one operand is a 16-bit immediate
value) formats.

Note that computational instructions are three operand
instructions: that is, the result register can be different from
both source registers. This means that operands need not
be overwritten by arithmetic operations. This results in a
more efficient use of the register set, and further increases
performance.

I-Type (Immediate)
31 _26 25 21 20 16 15 0
op I rs I n immediate |
J-Type (Jump) .
31 26 25 0
Lop l target —I
R-Type (Register)
31 26 25 21 20 16 15 11 10 6 § 0
Fp 1 rs —[ rt er I re l funct |
2873 drw 11

Figure 11. IDT79R3001 Instruction Formats

+ Jump and Branch instructions change the flow of control of
aprogram. Jumps are always to a paged absolute address
formed by combining a 26-bit target with four bits of the
Program Counter (“J-Type” format for subroutine calls), or
32-bit register byte addresses (“R-Type,” for Retumns and
dispatches). Branches have 16-bit offsets relative to the
program counter (“I-Type”). )

Jump and Link instructions save a return address in
Register 31. The IDT79R3001 instruction set features
numerous branch conditions. Included is the ability to
branch based on a comparison of two registers, or on the
comparison of a register to zero. Thus, net performance is
increased since the processor does not have to precede
the branch instruction with arithmetic operations.

« Co-processor instructions perform operations in the co-
processors (such asthe IDT79R3010 FPA). Co-processor
Loads and Stores are “I- Type;” computational instructions
have co-processor dependent formats.

= Co-processor 0 instructions perform operations on the
System Control Co-processor (CP0) registers to manipu-
late the memory management and exception handling
facilities of the on-chip co-processor.

= Special instructions perform a variety of tasks, including
movement of data between general and special registers,
systemecalls, and breakpoint operations. These are always
“R-Type.”

IDT79R3001 System Control Co-processor (CP0)

The IDT79R3001 canoperate withup to four tightly coupled
co-processors, designated CP0-CP3. CPO is included on-
chip as co-processor 0, the System Control co-processor.
CPO is responsible for supporting both the virtual memory
system and the exception handling functions of the
IDT79R3001.

5.2
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opP Description OP Description
Load/Store Instructions Multiply/Divide Instructions
LB Load Byte MULT Multiply
LBU Load Byte Unsigned MULTU Multiply Unsigned
LH Load Halfword DIV Divide
LHU Load Halfword Unsigned DIVU Divide Unsigned
Lw Load Word MFHI Move From HI
LWL Load Word Left MTHI Move To Hi
LWR Load Word Right MFLO Move From LO
SB Store Byte MTLO Move To LO
SH Store Halfword
Sw Store Word Jump and Branch Instructions
SWL Store Word Left J Jump
SWR Store Word Right JAL Jump and Link
JR Jump to Register
Arithmetlic Instructions JALR Jump and Link Register
(ALU Immediate) BEQ Branch on Equal
ADDI Add Immediate BNE Branch on Not Equal
ADDIU Add Immediate Unsigned BLEZ Branch on Less than or Equal to Zero
SLTI Set on Less Than Immediate BGTZ Branch on Greater Than Zero
SLTIU Set on Less Than Immediate BLTZ Branch on Less Than Zero
Unsigned BGEZ Branch on Greater than or
AND! AND Immediate Equal to Zero
ORI OR Immediate BLTZAL Branch on Less Than Zero and Link
XORI Exclusive OR Immediate BGEZAL Branch on Greater than or Equal to
LUI Load Upper Immediate Zero and Link
Special Instructions
Arithmetic Instructions SYSCALL System Call
(3-operand, register-type) BREAK Break
ADD Add
ADDU Add Unsigned Coprocessor Instructions
SuB Subtract LwcCz Load Word from Coprocessor
SuBU Subtract Unsigned SWCz Store Word to Coprocessor
SLT Set on Less Than MTCz Move To Coprocessor
MFCz Move From Coprocessor
SLTU Set on Less Than Unsigned CTCz Move Control to Coprocessor
AND AND CFCz Move Control From Coprocessor
OR OR COPz Coprocessor Operation
XOR Exclusive OR BCzT Branch on Coprocessor z True
NOR NOR BCzF Branch on Coprocessor z False
Shift Instructions System Control Coprocessor
SLL Shift Left Logical (CPO) Instructions
SRL Shift Right Logicat MTCo Move To CPO
SRA Shift Right Arithmetic MFCo Move From CPO
SLLV Shift Left Logical Variable TLBR Read indexed TLB entry
SRLV Shift Right Logical Variable TLBWI Write Indexed TLB entry
SRAV Shift Right Arithmetic Variable TLBWR Write Random TLB entry
TLBP Probe TLB for matching entry
RFE Restore From Exception

Table 2. IDT79R3001 Instruction Summary

2873 1bl 02
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CPO Registers

As a co-processor, CP0 has a number of registers which it
uses to perform its control functions. These include 64 fully
associative Translation Lookaside Buffers (TLBs), used to
manage the virtual memory space; registers to manage the
TLB set; and the exception handling registers. Figure 12
illustratesthe register set of the System Control Co-processor.
Table 3 provides a brief explanation of the function of each of
these registers. A more detailed explanation of the use of
each of these registers is included in the “mips RISC
Architecture” manual.

Memory Management System

The IDT79R3001 supports a virtual memory system, so
that each task in a given application can be unaware of the
addressing needs of other tasks. This is also useful in
systems with limited physical memory; the IDT79R3001 pro-
vides for the logical expansion of memory by translating
addresses composed in a large virtual space into available
physical memory addresses.

ENTRYHI | ENTRYLO INDEX
63 ‘
RANDOM
TLB
8
7] NOT ACCESSED
BY RANDOM
0

[] Used with Virtual Memory System
Used with Exception Processing

2873 drw 12

Figure 12. The System Control Co-processor (CP0) Registers

Description

inter into TLB array

Mode, interrupt enables and diagnostic status

Exception Program Counter—contains address of
instruction which detected the exception

Pointer into kernel's virtual Page Table Entry array

Register
EntryHi High half of a TLB entry
Entrylo | Low half of a TLB entry
Index Programmable po
Random | Pseudo-random pointer into TLB array
Status
information
Cause Indicates nature of last exception
EPC
Context
BadVA Most recent bad virtual address
PriD

Processor revision identification (Read only)

28731bl 03

Table 3. CPO Registers
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MMU ADDRESS TRANSLATION

VIRTUAL PHYSICAL
OxfEFEEEFE 7
Kernel Mapped
Cacheable ANY
(kseg?2)
0xc0000000 :
Kerne! Uncached Brveical
kseg1 ysica
0%a0000000 (kseg1) Momory - 3584 MB
Kernel Cached
(kseg0)
0x80000000
User Mapped
Cacheable ANY
(kuseg)
L Memory 512 MB
0x00000000
28736w 13
IDT79R3001 Operating Modes segment are mapped using the TLB, which utilizes both the

The IDT79R3001 has two operating modes: User Mode virtual address and the Process ID field to perform the virtual-
and Kernel Mode. The IDT79R3001 normally operatesinthe to-physical mapping (note that this allows the cache to be
User Mode until an exception is detected, forcing it into the  shared by up to 64 User processes at a time without requmng
KernelMode. The processorremainsin Kernel Mode untilthe  time consuming Cache or TLB flushing).
exceptions are handled and the processor executes an RFE Kernel Mode—Four separate segments are accessible
(Return from Exception) instruction, which will restore it to  through this mode:

User Mode. Kernel Mode allows software to alter machine + kuseg—When in the Kernel Mode, references to this

state information such as that contained in the CPO registers; segment are treated just like User Mode references, thus

thatis, ifin User Mode an access is attempted to Co-processor streamlining Kernel accesses to User memory.

0 and the Kernel has not enabled the User to access the co- - kseg0—References to this 512 Mbyte segment may use

processor, an exception will occur. Similarly, if a User task the cache memory, but are not translated by the TLB.

attempts to use a Kernel virtual address, an exception will Instead, these addresses map directly to the first 512

occur. Thus, systemresources are protected from Usertasks. Mbytes of the physical address space. Note that many
The manner in which memory addresses are translated dedicated embedded applications will utilize this address

(mapped) depends onthe operating mode of the IDT79R3001 space and kseg1ionly, rather than any of the TLB mapped
and on the virtual address desired. Figure 13 illustrates the segments.

virtual address mapping performed by the IDT79R3001: + kseg1—References to this 512Mbyte segment are not
User Mode —inthis mode, a single, uniformvirtual address mapped through the TLB. Additionally, this memory is
space (kuseg) of 2 Gbyte is available to each user task (tasks viewed as uncacheable, which means that references

are further identified by a 6-bit process identifier field in order through this segment will always use the asynchronous
to form unique virtual addresses). All references to this memory interface. As with kseg0, references through this

63 44 43 38 37 32 31 » i2 11 10 9 8 7 0
VPN TLBPID o PFN N|jD[V]G 0 '
\ A J
Y Yo
ENTRYHI ENTRYLO
VPN -~ Virtual Page Number D - Dinty Page/Write Protect
TLBPID - Process ID V - Valid entry flag
PFN Physical Frame Number G - Global flag (ignore PID)
~ Non-cacheable Physical Page . 0 — Reserved
2873drw 14

Figure 14. TLB Entry Format
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segment are hard-mapped to the first 512 Mbytes of
physical memory. When the processor boots, the reset
vector is contained in this segment, so that the processor
does not require either the cache or the TLB to be valid at
RESET time.

» kseg2—References to this 1 Gbyte segment are always
mapped through the TLB. As with kuseg, the ability of
memory pages to be cached is determined by a bit setting
in the TLB entry for that page.

The Translation Lookaside Buffer (TLB)

Thetranslation of virtual addresses in eitherkusegorkseg2
(mapped segments) is performed by the on-chip Translation
Lookaside Buffer array. This array consists of 64 fully-
associative (content addressable) memory elements. Each
entry maps a 4Kbyte virtual page to a 4Kbyte physical page.
Each TLB entry contains other information about the virtual
address it maps (such as which User process it maps) and
also aboutthe physical address (suchaswhetheritis cacheable
or writeable).

Figure 14 illustrates the format of each TLB entry. The
translation operation is illustrated in Figure 15. The upper
portion of the desired virtual address is compared against the
VPN field of each TLB entry. Additionally, the current process
ID (contained in the TLBHI register) is matched against the
PiDfieldofthe TLB entry (if the TLB entry is marked as Global,
the PID comparison is ignored). If a match occurs, and the
TLBentryis marked as Valid, then the translationis completed
by replacing the VPN of the virtual address with the corre-
sponding PFN (Physical Frame Number).

Note that the use of the TLB does not incur an execution
penalty, since the execution engine pipeline includes stages
to cover for the time required to make the TLB search and
translation.

TLB misses occur when no successful match occurs.
These events are handledin software. The CPO registers give
the software enough informationto obtainthe appropriate TLB
entry at speeds which exceed those achieved by many CPUs
which use hardware TLB replacement (10-12 cycles under
UNIX).

When a TLB miss occurs, the address of the instruction
which was executing is stored in the EPC register, and the
BadVA register contains the address which was being trans-
lated. The Context register uses the BadVA value {o generate
adirect pointer to the kernel Page Table Entry for the desired
virtual address. The Random register suggests the TLB entry
to be replaced by the new entry. Note that the lower eight TLB
entries are not pointed to by Random; the kernel software can
thus insure that it is constantly mapped, and deterministic
response is guaranteed.

BACKWARD COMPATIBILITY WITH
IDT79R2000A AND 79R3000 PROCESSORS

The IDT79R3001 can execute the same binary software
(either kernel or user) that is executed by either the
IDT79R2000A or IDT79R3000. At the system level, some
hardware re-design is necessary to achieve the cost savings
inherent in the IDT79R3001 hardware interface.

Current
Process ID 31 12 11 0
5 0 .
Virtual
r j Address
A\ A J
Y Y
|
v
PID VPN Flags PFN
63 _—
62 —
61 —
60 —_—
ol CAM .
e | o« (Content Addressable . RAM
bl Memory) e
3 —_—
2 —_—
1 —_—
0 —_—
| , |
A A — \
F ¥~ Physical
I Address
31 1211 Y 2873diw 15

Figure 15. Virtual to Physical TLB Translation
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PIN DESCRIPTIONS

Pin Name

[ vo|

Description

Memory Interface

Data (0:31) /0 | A 32-bit bus used for all instruction and data transmission among the processor, synchronous memory space,
asynchronous memory space and co-processors.

DataP {0:3) /O | A 4-bit bus containing even parity over the data bus. If parity checking is enabled, a parity error will cause the PErr
signal to be asserted and a cache-miss to occur. Regardless of whether parity checking is enabled, the processor
will always generate parity on writes.

Tag (13:31) /O | A 19-bit bus used for transferring cache tags and high-order address bits between the processor, caches and
asynchronous memory spaces.

Addrlo (0:23) | O | A 24-bit bus containing low-order byte addresses for both the synchronous (cache) and asynchronous memory

spaces.

Synchronous Memory Control

IRd O | The output enable for the instruction cache. The polarity of this signal is selectable.

TWr O | The write enable for the instruction cache. The polarity of this signal is selectable.

IClk O | The instruction cache address latch clock. The clock runs continuously.

DRd O | The output enable for the data cache. The polarity of this signal is selectable.

DWr O | The write enable for the data cache. The polarity of this signal is selectable.

DClk O | The data cache address latch clock. The clock runs continuously.

Valid /O | A high on this signal indicates that the Tags just read from the cache are valid. When a cache update occurs, the
processor will generate the appropriate Valid bit.

PErr O | If parity checking is enabled, this signal is an active low output of the internal CPO parity error status bit. it is driven

low when a parity error is detected and remains low until software clears the parity error flag inthe status register. This
pin is physically the same pin as AccTyp2. lts function is selected during device reset.

Asynchronous Memory interface

XEn O | The transceiver enable for the read buffer.

AccTyp (0:2) O { A3-bitbususedtoindicate the size of databeing transferred on the asynchronous memory bus, whether or not a data
transfer is occurring and the purpose of the transfer. If parity checking is enabled, AccTyp2 becomes the PEir signal.

MemWr O | Signals the occurrence of an asynchronous memory write cycle.

MemRd O | Signals the occurrence of an asynchronous memory read cycle.

BusError | | Signals the occurrence of a bus error during an asynchronous memory transfer cycle.

Run O | Indicates whether the processor is in a RUN or STALL state.

Exception O | Indicates the instruction about to commit processor state should be aborted and other exception related information.

SysOut O | Aclock derived from the internal processor clock used to generate the system clock.

RdBusy I 1 The asynchroncus memory read stall termination signal. In most system designs, RdBusy is normally asserted and
is deasserted only to indicate the successful completion of the memory read. RdBusy is sampled by the processor
only during memory read stalls.

WrBusy 1 | The asynchronous memory write stall initiation/termination signal. WrBusy is only sampled during write cperation.

Co-Processor Interface

CpSync O | Aclock which is identical to SysOut and used by co-processors for timing synchronization with the CPU.

CPBusy | | The co-processor busy stall initiationftermination signal.

CpCond (0:3) I | A4-bitbususedtotransferconditionalbranch status from the co-processors tothe CPU. CpCond(0) is used to control

whether or not a cache burst refill occurs; the other signals are used as input port pins for co-processor branch
instructions.

Processor Control Signals

DMAStall | | DMA Stall. Signals to the processor that it should stall accesses to the synchronous memories and tri-state the
synchronous memory interface.

Int (0:5) I | AB6-bit bus used to signal maskable interrupts to the CPU. A reset time, mode values are sampled from this bus to
initialize the processor. During normal operation, these signals are not latched by the processor and must remain
asserted until the processor acknowledges the interrupt (through software) to the interrupt source.

Ck2xSys | | The master double frequency input clock, used to generate SysOut.

Ck2xSmp/Rd | | | Adouble frequency clock input used to determine the sample point for data coming into the CPU and co-processors
and used to determine the enable time of the synchronous memory RAMs.

Clk2xPhi | | Adouble frequency clock input used to determine the position of the two internal phases.

Reset I | Initialization input used to force execution starting from the reset memory address. Reset should be asserted

asynchronously but must be negated synchronously with the leading edge of SysOut.

5.2 15
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ABSOLUTE MAXIMUM RATINGS(": %

RECOMMENDED OPERATING

2873 tbl 06

Symbol Rating Commercial Military | Unit TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage | —0.5t0 +7.0 | 0.5t0+7.0} V Grade Temperature GND Vce
with Respect Military 55°C to +125°C oV 5.0 £10%
‘ to GND 16-33 MHZ (Case)
Ta, Tc | Operating 0to+70% | -55t0+125| °C
Temperature (Ambient) (Case) Commercial 0°Cto -_+70°C ov 5.0 5%
0 to +90® 16-33 MHz (Ambient)
~ (Case) Commercial 0°C to +90°C ov 5.0 15%
Teias | Case Temperature{-55 to +125¢ | —65 to +135 | °C 37-40 MHz (Case)
Under Bias 0 to +90® 287310l 07
Ts1G Storage -551t0 +125 | 65104155 | °C .
Temperature OUTPUT LOADING FOR AC TESTING
IN Input Voltage -0.510+47.0 | ~0.5t0+7.0| V
NOTE: 2873 16l 05
1. Stressesgreaterthan thoselistedunder ABSOLUTE MAXIMUMRATINGS
may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions
abovethose indicatedin the operational sections of this specificationis not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability. X
2. VIN minimum =-3.0V for pulse width less than 15ns. To Device
ViN should not exceed Vce +0.5 Volts. Under Test
3. Notmore than one outputshouldbe shorted ata time. Duration ofthe short
should not exceed 30 seconds.
4. 16-33 MHz only.
5. 37-40 MHz only.
28730w 16
*AC TEST CONDITIONS
Symbol Parameter Min. Max. Unit Signal CL
VIH Input HIGH Voltage 3.0 — " IRd, IWr, DRd, DWr 50pf
Vi Input LOW Voltage — 0.4 \" All Others 25pf
VIHS Input HIGH Voltage . 35 — \
ViLs Input LOW Voltage — 0.4 v

5.2
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DC ELECTRICAL CHARACTERISTICS

COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VCC = +5.0V +5%)

16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Min. | Max.| Min. | Max. | Min. | Max. | Min. | Max. | Unit
VOH Output HIGH Voltage Vce = Min,, IoH = -4mA 35 — 3.5 — 3.5 — | 35 — \
VoL Output LOW Voltage Vce = Min., loL = 4mA — 0.4 — 0.4 — 0.4 — 0.4 \
VOHT | Output HIGH Voltage(®7) | Vcc = Min., IOH = -8mA 24 | — | 24 | — | 24 — |24 — vV
VoHc | Output HIGH Voltage(® vce = Min,, IoH = -4mA 40 | — |l 40| — |40 | — 40 | — |V
VoLt Output LOW Valtage®”) [ Vce = Min., loL = 8mA — jo8| — 08| — o8| — o8|V
VH Input HIGH Voltage(5) 20 | — 20| — 20| —j20 | — |V
Vi Input LOW Voltage — 08| — 0.8 — 08 | — 0.8 \
Vits Input HIGH Voltage(25) 30 | — |80} — |30 | — |30 — |V
ViLs Input LOW Voltage{:2) — {04 — | 04| — |04 — |04 |V
IRESET | Input HIGH Current(®) 10 | 100| 10 | 100 | 10 | 100| 10 | 100 | pA
CIN Input Capacitance(? — 10 | — 10 | — 10 | — 10 | pF
Cout Output Capacitance(?) —_ 10 | — 10 | — 10 | — 10 | pF
Icc Operating Current Vvee = Max. — 575 | — 650 | — 750 | — 800 | mA
IH Input HIGH Leakage(® VIH = Vce — (100 — [ 100 — {100{ — {100 | pA
I Input LOW Leakage(® ViL = GND 100} — | -100 | ~— [-100 [ — |-100 | — |pA
loz Output Tri-state Leakage | VOH = 2.4V, VoL = 0.5V -100 | 100 | -100 | 100 | -100 | 100 | -100 | 100 | pA
NOTES: 2873 1ol 08 ¢

1.

2

3. )

4. Vontand VoLT apply to the bidirectional data and tag buses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are supplies as additional
information to help the system designer understand the relationship between current drive and output voltage on these pins..

. ViH should not be held above Vcc + 0.5 volts.
. The IDT79R3001 contains an internal pull-up/current source on the TAG pins to facilitate initialization. This current source is disconnected when Reset

(204

ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below -0.5 Volts for farger periods.
. VIHS and ViLs apply to Clk2xSys, Clk2xSmp/Rd, Clk2xPhi, CpBusy, and Reset.

These parameters do not apply to the clock inputs.

is inactive.

. Guaranteed by design.
. VoHc applies to RUN and Exception.

5.2
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS

COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, VcC = +5.0V +5%)

37.0MHz 40.0MHz

Symbol Parameter Test Conditions Min. Max. Min Max. Unit
VoH Output HIGH Voltage Vce = Min,, IoH = -4mA 35 — 35 \
VoL Output LOW Voltage vee = Min,, IoL = 4mA — 0.4 — \
VoHc | Output HIGH Voltage(”) vee = Min., IoH = -4mA 4.0 —_ 4.0 v
VoHT | Output HIGH Voltage€) | Vce = Min., IoH = -8mA 24 — — v
Vour Output LOW Voltage(8) | Vcc = Min., loL = 8mA — 0.8 0.8 v
VH Input HIGH Voltage(s) 2.0 —_ — v
viL Input LOW Voltage(! — 0.8 0.8 v
VIHS Input HIGH Voltage(25) 3.0 — v
viLs Input LOW Voltage(12) — — 0.4 v
IReseT | Input HIGH Current(® 10 10 100 rA
CN Input Capacitance(® — — 10 pF
Cout | Output Capacitance(®) —_ 10 pF
Icc Operating Current Vce = 5V, Ta = 70°C — 850 mA
IH Input HIGH Leakage(® VIH = VCC — 100 pA
I Input LOW Leakage(® ViL = GND -100 — -100 — pA
loz Output Tri-state Leakage | VOH = VCC, VoL = GND -100 100 -100 100 pA

NOTES: 287310l 09

1. ViL Min. = -3.0V for pulse width less than 15ns. Vit should not fall below -0.5 Voilts for larger periods.

2. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

3. These parameters do not apply to the clock inputs.

4. VonT and VoLT apply to the bidirectional data and tag buses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are provided

to give the designer further information about these specific signals.
5. ViH should not be held above Vce + 0.5 volts.
6. Guaranteed by design.

7. VoHc applies to RUN and Exception.

5.2
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
‘MILITARY TEMPERATURE RANGE (Tc = -55°C to +125°C, VCC = +5.0V +10%)

16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Min. | Max.| Min. | Max. | Min. | Max. | Min. | Max. | Unit
VoH Output HIGH Voltage vce = Min., 10H = -4mA 35 — 3.5 — 35 — | 35 "
VoL Output LOW Voltage vee = Min,, loL = 4mA — 04 | — 04 | — 0.4 \Y
VOHT | Output HIGH Voltage!*?) | Vce = Min., IoH = -8mA 24 | — |24 | — |24 | — \%
VoHc | Output HIGH Voltage(® vce = Min., loH = -4mA 40 | — | 40 | — | 40 — |V
VoLt Output LOW Voltage*”) | Vce = Min., loL = 8mA — | o8] — | 08| — 08 | V
VIH Input HIGH Voltage(®) 2.0 — | 20 — | 2 20 | — |V
Vi Input LOW Voltage — 0.8 —_ 0.8 0.8 — 08 | V
ViHS Input HIGH Voltage() 30 | — | 30 — ]380 | — |V
ViLs input LOW Voltage(':2) — | 04| — 04 | — |04 |V
IRESET | Input HIGH Current(®) 10 | 100 100 | 10 | 100 | pA
CN Input Capacitance(? — 10 — 10 | — 10 | pF
CouT | Output Capacitance() 10 | — 10 | — 10 | pF
lcc Operating Current vee = Max. 600 | — 650 | — 750 | mA
IH Input HIGH Leakage(®) VIH = Vce — | 100 | — [ 100 | — | 100 | pA
I Input LOW Leakage®® ViL = GND 100 — [ 100 ] — {100 | — |-t00| — [pA
loz Output Tri-state Leakage | VoOH = 2.4V, VoL = 0.5V -100 | 100 | -100 | 100 | -100 | 100 | -100 | 100 | pA
NOTES: 287310108

1.
2
3.
4. Vontand VoLT apply to the bidirectional data andtag buses only. Note that ViH and ViLalso apply to these signals. VOHT and VoL are supplies as additional

o ;

ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below -0.5 Volts for larger periods.
. ViHs and ViLs apply to Clk2xSys, Clk2xSmp/Rd, Clk2xPhi, CpBusy, and Reset.

These parameters do not apply to the clock inputs.

information to help the system designer understand the relationship between current drive and output voltage on these pins..

is inactive.

. Guaranteed by design.
. VoHc applies to RUN and Exception.

. ViH should not be held above Vce + 0.5 volts. )
. The IDT79R3001 contains an internal pull-up/current source on the TAG pins to facilitate initialization. This current source is disconnected when Reset

5.2
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IDT79R3001
RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:4)
COMMERCIAL TEMPERATURE RANGE (T = 0°C to +70°C, VCC = +5.0V $5%)

} 16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions | Min. | Max. [ Min. [ Max. | Min. | Max. | Min. | Max. | unit
Clock
TekHigh | Input Clock Hight@) Note 7 125 | — 10 | — 8 — 6 — ns
Tcktow | Input Clock Low(2) Note 7 12561 — | 10| — 8 — 6 — ns
Texp Input Clock Period(?) 30 | 500 | 25 | 500 | 20 | 500 | 15 | 500 ns
Clk2xSys to Clk2xSmp/Rd(®) 0 |Teycrdl © |Teyerdl 0 |Teyerdl o |Teyc/d| ns
Clk2xSmp/Rd to Clk2xPhi(5) 9 |Teycra] 7 |Tcycrd| 5 |Teycrd] 3.5 |Teyerd] ns
Run Opaeration ’ '
Toen | Data Enable(® — -2 — | 2 — | 15| — | -15] ns
Toois | Data Disable(® —_— -1 - -1 — ] -05| —|-05] ns
Toval Data Valid . Load= 25pF —_ 3 — 3 - 2 - 2 ns
Twrdly | Write Delay Load= 25pF — 5 — 4 — 3 — 2 ns
Tos Data Set-up 9 — 8 — 6 — 4.5 —_ ns
ToH Data Hold -2.5 — 2.5 — -2.5 — 2.5 — ns
Tess CpBusy Set-up : 13 — 11 — 9 — 7 — ns
TeeH CpBusy Hold 2.5 — |25} — | 25| — | 28| — ns
TAcTy | Access Type (1:0) Load= 25pF — 7 — 6 — 5 — 35 ns
TAT2 Access Type2 Load= 25pF 17 — 14 — 12 — - 8.5 ns
TMwr Memory Write Load= 25pF 1 27 1 23 1 18 — 9.5 ns
Texc Exception Load= 25pF — 7 — 7 — 5 — | 385 ns
Stall Operation
Tsaval | Address Valid Load= 25pF —_ 30 - 23 — 20 — 15 ns
TsAcTy | Access Type Load= 25pF — 27 — 23 — 18 — | 135 ns
TMmRdi | Memory Read Initiate Load= 25pF 1 27 1 23 1 18 1 135 ns
TMRAT | Memory Read Terminate Load= 25pF 1 2 1 23 1 5 1 |185 ns
Tsu Run Terminate Load= 25pF 3 17 3 15 3 10 2 7.5 ns
TRun Run Initiate Load= 25pF — 7 — 6 — 4 - 3 ns
TsMwr | Memory Write Load= 25pF 3 27 3 23 3 18 2 9.5 ns
TsEc Exception Valid Load= 25pF — 15 — 13 — 10 — 75 ns
TpMADis | DMA Drive On Load= 25pF 3 15 3 15 3 15 3 15 ns
ToMAen | DMA Drive Off Load= 25pF — 10 — 10 — 10 — 10 ns
Reset Initialization
TRST Reset Pulse Width 6 — 6 — 6 —_— 6 — | Teye
TRSTTAG| Reset Pulse Width, Pull-downs 140 — 140 — 140 — 140 — us
on Tag
Capacitive Load Deration
CLp _ﬁoad Deratef®) ' | 0.5 I 1 l 0.5 | 1 | 0.5 J 1 J 0.5 r1 ]ns/25pF
NOTES: 2873l 11

. Alltimings are referenced to 1.5V.

The clock parameters apply to all three 2xClocks: Clk2xSys, Clk2xSmp/Rd, and Clk2xPhi.

This parameter is guaranteed by design.

These parameters are illustrated in detail in the "IDT79R3001 Hardware Interface Guide®.

. Teyc is one CPU clock cycle (2 cycles of a 2x clock).

With the exception of Run , no two signals on a given device will derate for a given load by a difference greater than 15%.
. Transition time <2.5ns for 33MHz; <5ns for lower speeds.

NoOALPa
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:4) ,
COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +30°C, VCC = +5.0V +5%)

37.0MHz 40.0MHz

Symbol Parameter Test Conditions Min. L Max. Min. l Max. Unit

Clock

TckHigh | Input Clock Hight@) Transition < 2.5ns 55 — — ns

Tcktow | Input Clock Low(? Transition < 2.5ns 5.5 — ns

Tckp Input Clock Period(@) 135 ns

Clk2xSys to Clk2xSmp/Rd(5) . 0 ns
Clk2xSmp/Rd to CIk2xPhi(5} 35 ns

Run Operation

TDEn Data Enablel® — ns

Tools | Data Disable(® —_ ns

Toval Data Valid Load= 25pF — ns

Twly | Write Delay Load= 25pF — ns

Tbs Data Set-up 4.5 ns

ToH Data Hold 2.5 ns

Tces CpBusy Set-up 6 ns

TcBH CpBusy Hold -2.5 ns

TAcTy Access Type (1:0) Load= 25pF — ns

TAT2 Access Type2 Load= 25pF — ns

TMwr Memory Write Load= 25pF — ns

TExc Exception Load= 25pF —_ ns

Stall Operation

TsAval [ Address Valid Load= 25pF — 125 ns

TsAcTy | Access Type Load= 25pF 9 ns

TMRdi Memory Read Initiate Load= 25pF 9 ns

TMRdT | Memory Read Terminate Load= 25pF 9 ns

Tst Run Terminate Load= 25pF 6 ns

TRun Run Initiate Load= 25pF 3 ns

Tsmwr | Memory Write Load= 25pF 9 ns

TSExc Exception Valid Load= 25pF 6 ns

TomaDis| DMA Drive On Load= 25pF 15 ns

ToMAEn | DMA Drive Off Load= 25pF 10 ns

Reset Initialization

TRST Reset Pulse Width — Teye

TRSTTAG| Reset Pulse Width, Pull-downs — us

on Tag

Capacitive Load Deration :

CLpo I Load Derate(®) — ] ns/25pF
NOTES: 287310l 12
1. Alltimings are referenced to 1.5V.

2. The clock parameters apply to all three 2xClocks: Clk2xSys, Clk2xSmp/Rd, and Clk2xPhi.
3. This parameter is guaranteed by design.
4. These parameters are illustrated in detail in the "IDT79R3001 Hardware Interface Guide®.
5. Teycis one CPU clock cycle (2 cycles of a 2x clock).
6. With the exception of Run , no two signals on a given device will derate for a given load by a difference greater than 15%.
5.2 21



IDT79R3001
RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:4)
MILITARY TEMPERATURE RANGE (T¢ = -55°C to +125°C, VGC = +5.0V £10%)

16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions | Min. | Max. | Min. ] Max. | Min. I Max. | Min. | Max. | Unit
Clock
TekHigh | Input Clock Hight?) Note 7 125 — | 10 | — 8 — 6 — ns
Tcktow | Input Clock Low(@ Note 7 126 — | 10| — 8 — — ns
Tekp Input Clock Period(@ 30 | 500 | 25 | 500 | 20 | 500 ns
Clk2xSys to Clk2xSmp/Rd(S) 0 |Tcycrd| 0 |Tcyc/d| O |Tcyc/d Teye ns

‘ Clk2xSmp/Rd to Clk2xPhif5) 9 |Tcyc/d| 7 |Tcycr4| s 5 {Teyc/dl ns
Run Operation :
ToEn Data Enablef® 15| ns
Tobis | Data Disable(® 05| ns
Toval Data Valid Load= 25pF 2 ns
TwDly | Write Delay Load= 25pF 2 ns
Tos Data Set-up — ns
ToH Data Hold 25 p . — ns
TcBs CpBusy Set-up ' — ns
TcBH CpBusy Hold 2.5 2 - - ns
TAcTy | Access Type (1:0) Load= 25pF 35 ns
TaT2 Access Type2 Load= 25pF 8.5 ns
TMwr Memory Write Load= 25pF 9.5 ns
Texe Exception Load= 25pF 3.5 ns
Stall Operation
TsAval | Address Valid Load= 25pF 15 ns
TsAcTy | Access Type Load= 25pF 13.5 ns
TMRdi | Memory Read Initiate Load= 25pF 135 ns
TMRAT | Memory Read Terminate Load= 25pF 13.56 ns
Tstl Run Terminate Load= 25pF 7.5 ns
TRun Run Initiate Load= 25pF 3 ns
Tsmwr | Memory Write Load= 25pF 9.5 ns
TsEc Exception Valid Load= 25pF 7.5 ns
TomaDis | DMA Drive On Load= 25pF 15 ns
TOMAEn | DMA Drive Off Load= 25pF 10 ns
Reset Initialization
TRST Reset Pulse Width — Teyc
TrsTTAG| Reset Pulse Width, Pull-downs — us

on Tag

Capacitive Load Deration
CLb | Load Derate!®) [os] 1+ Jos| 1 [os ]| 1 |ns2spF

NOTES: 2873 1ol 13
. All timings are referenced to 1.5V. '

The clock parameters apply to all three 2xClocks: Clk2xSys, Clk2xSmp/Rd, and Clk2xPhi.

. This parameter is guaranteed by design.

These parameters are illustrated in detail in the "IDT79R3001 Hardware Interface Guide™.

Teye is one CPU clock cycle (2 cycles of a 2x clock).

. With the exception of Run , no two signals on a given device will derate for a given load by a difference greater than 15%.

. Transition time <2.5ns for 33MHz; <5ns for lower speeds.

NOOAOP~
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IDT79R3001

RiSControlier FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

MIUTARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

172-Pin Ceramic Flatpack (Cavity Side View)
QONMONOTFTON - = n OCrNO - NmwRITWS o =} Q-
SeSSwonroon888858000000330003 18 8RR EYEES
AR ANA0d AAAGAA AAARARAARARAAAAGR AAAAAA A AN
44 86
Data21 ] 43 87 =1 AdrLo2
Data22 ] [ Adrlo3
Data24 C—| [ Adrlo4
Data25 ] [ AdrloS
Data26 ] [ AdrLo6
Data31 ] [— AdrLo7
DataP3 ] [ Adrto8
Data27 —] 1 AdrLo9
Data28 ] (— AdrLo10
XEn 1 AdrLot1
Data29 ] 1 Adrtol12
Data30 —] [ Adrlo13
Exc ] 1 AdrLo14
Clk2xPhi ] [~ VCCis
GND7 ] —1 VCCi6
GNDs —1 VCC17
CpCond2 ] 3 GND16
vcer7 [ GND17
vces — vcecis
GND5 [ vCcCi9
GND4 IDT79R3001 RISControlier [ GND18
GND3 ] (1 vcc20
vees [ vcca21
vces 1 vcez2
vees . [ AdrLo15
GND2 1 CpCond0
GND1 —1 CpCond1
Clk2xSys ] [— Resvdi
CpSync ] GND19
MemWr ] — GND20
AccTyt ] [ AdrLo1s
Run [ [ AdrLo17
vee2 nto
vcer % Tntt
Clk2xSmp/Rd 2
SysOut ]} [ InB3
DClk ] [ I
IClk [ Tnis
CpCond3 ] ] CpBusy
MemRd T} [ WrBusy
AccTy0 T 1 RdBusy
AcctTy2 ] [— BusError
DMAStall I:‘ 1 129 /1 Reset
172 130
OO S NN -~ 0O P OV - ORI NN TECOVON"TNTATON—ODND OO O
Eggigg FrGGFr8reE 8-S 556888 FFRrErrRrERr R
NOTE:
1. AccTyp2 is redefined to be Parity Error if the parity enable option is selected at device initialization.
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IDT79R3001
RISControlier FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS (Continued)
144-Pin PGA (Top View)

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

A |vccia| Adilo | Adilo | Adrlo |yccyz| Adrlo | AdrLo [CpCond; AdrLo | AdrLo | 2y | Tnis) Wr_ | Beset |vecio
0

6 10 1 14 15 16 17 Busy

B Adrlo | Mem | AdrLo | Adrlo | Adrilo | CP_ [ AdrLo fcpcCond Tty | g3y | CP | Bus | Run |Tagt3 |Tagie
3 Wr 7 9 12 Sync 13 1 Busy | Error

¢ |Adrlo | Adrlo lyccig | Adrlo Adﬁ"—° GND13|GND12|vectt| Tnio) | Tni@) | RY | GND |Tag14 | Tag17 | Tag2o

0 4 5 Busy
D De1ua AdéLO GNDO Tag15 |Tag19 | Tag2t
E Da;aP D:ta Ad;Lo Tag18 | Tag22 | VCC9
F vcco Dgra D:ta GND10| Tag23 | Tag25
G D:ta D:xa GND1 GNDS | Tag24 | Tag26
" D:,a ng D:,a IDT79R3001 RISController vocs | Tages | Taga?
J Data | DataP | Data Tag31 | Valid | Tag2g
10 1 9
K | Daa | Daa |GNp2 GNDg | AdrLo | Tag30
15 11 19
L |vcer | Daa | Data Adrlo | AdrLo { AdrLo
12 17 22 20 18
u | Daa | Data [DataP GND7 | AdrLo | ycey
13 16 2 23

N Data | Data | Data | gNp3 | Data | DataP | yees | veca | GNDs | gpe | Mem | OMA | 5Rg | Twr | AdrLo
14 18 19 24 3 Rd Stall 21

P Data | Data [accTyq| Data | Data | Data | ¥gn | Data | Clkax | Clkex | peik | Cp AccTyo| TRd | Dwr
23 20 . 22 26 27 30 Sys {Smp/Rd Cond3

q |vec2 | Data | Data | Data | Data | gNps | Data |Excep- | Clkex | Cp |5ysOut| vees | Ick |AccTyz| vecs
21 25 31 28 29 tion Phi | Cond2

2873drw 18

NOTE:
1. AccTyp2is redefined to be Parity Error if the parity enable option is selected at device initialization.
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IDT79R3001

RiSController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES
Tcklow —»le Tckp Tckhigh
Clk2xSys ' Trd
Tsmp
Clk2xSmpRd —\——_/——\__ 7; —\_/
le— Tsys —» :

Clk2xPhi m 1W
2873drw 19

Figure 16. Input Clock Timing

- Teye >
SysOut 4 }l(
— Trd N
Tsmp —» T_T_;gp —
Rd/SmpOut* /
Tsys
Phiout* \ 4 N
PhiOut /

Tsys
2873 drw 20

* These signals are not actually output from the processor. They are drawn to provide
a reference for other timing diagrams.

Figure 17. Processor Reference Clock Timing
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES
Phase 1 2 1 2 1
—_— Tsys
SysOut Tsys Y
Tsys | Tsys
PhiOut 2 Svg 7‘ 5‘<
I-—Taval — |¢—Taval - |4—Taval - Io-TavaI
AddrLo paddr X iaddr X Dader X IAddr >K
Tacty
AccTyp 0:1 Size of Stored Data X Size of Load Data X

Tacty2
AccTyp 2 T ;L / \

| Bus D Bus | Bus D Bus
Input Output Input Input
—» Tden
Tdh -» \r- Trd Tdh—+{ fe- Toh -] e
Data and
Tag Buses N
Tds Tds Tds
Tdval
Tsmp Tddis—» [« Tsmp Tsmp

ock | )‘t "
Trd
Rd / 5,: t
] Tsys

DRd
Tsmp Tsmp Trd Tsys
Dwr }

Twrdly

IClk ] 7[_ N\ /
Trd Tsmp t—A Trd
/
___\

2873 dw 21

Figure 18. Synchronous Memory (Cache) Timing




IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES
RUN STALL STALL FIXUP RUN
Phase 1 2 1 2 1 2 1 2 1
SysOut
PhiOut < /
Tsaval
%
Addilo (D AddrXC 1 Addr 000000700 K0 A 1addrX D Addry
Tdval Tddis Tdval 4 s Tddis
Ta I e
(Address 4 4
High) Tden —» -+ [«Trd Tden-T -»{ leTrd

- [eTacty Tacty Tacty
AccTyp 0:1 Data Size Reserved Data Size
-» Tsacty > Tat2
Tat2 | Tsacty
AccTyp 2 Regerved >/
¢

Tdval le-{» Tddis Tdval

Data

V
(Output) A
Tden - - feTrd Tden —» - le-Trd

{ Twrdly

A
Tmwr Tsmwr Tmwr Tmwr

= ¥ ="
|¢—~ Tsmp t‘—u Tsmp

WrBusy I

Tds d

'j L— Tdh Tdh Trun
R Tsn“}"{ 4_\.!&_

2873 drw 22

w

Figure 19. Memory Write Timing
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Phase

SysOut
PhiOut
AddrLo
Tég

(Address
High)

AccTyp 0:1

AccTyp 2

Data
(Input)

DWr

MemRd

RdBusy

Xen

CpCond0

Run

RUN

STALL

STALL

FIXUP

RUN

Tsys
Tsys

! Tsys,

N—

Tsys

Tsys,

N

Tsys

1

__/~

Read Address

)

D Add>< | Addr>

<D Add>

Tdval |

-

] Tdval

Read Address >

r-Tden

Tden -+

e

le-Trd
_E Tddis

Tacty

ata Size

Data Miss

* Data Size

A;@

Tsacty
Tsacty

- —

[

Cached

X4

Tdh

‘-j\Tmrdi

Tw
Tmrdt

dly —»

Q

Tsmp

r Tsmp
|

1
Tds
Tdh

Tsys

Tdh

Tstl

TdEE

Tsmp

B

Figure 20. Memory

‘ﬂ

Read Timing

2873 drw 23
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES
L Coprocessor Store Coprocessor Load
Phase 1 2 1 2 1
R Tsys
SysOut Tsys
Tsys Tsys ‘
PhiOut 5< 75 N 75 5<
| Bus D Bus 1 Bus D Bus
Input Output Input Input
—> Tden
Tdh -+ Trd Tdh -+ \l" Tdh -+ \r—
Data Bus A Vl
Tds Tds Tds
Tdval Tsti
Trun Tsmp Tddis- Tsmp .
P | smp  —
Run R 7
—#1 le-Tcbh
CpBusy /{ / \
Tcbs
Texc Tdh —L Id—
Exception ExctW IntGr2M >< ExciW X IntGr2M X
Tds Tsmp [
CpCond(n) >K X
Condition ‘ l
Valid 2873 drw 24

Figure 21. Co-Processor Load/Store Timing
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Phase

SysOut

PhiOut

Int(n)

Phase

SysOut

PhiOut

Mode

Int(n)

Reset

NOTES:

Figure 22. Interrupt Timing

Figure 23. Mode Vector Initialization

2873 drw 25

[<-Td H

2873drw 26

1. Reset must be negated synchronously; however, it can be asserted asynchronously. Designs must not rely on the proper functioning of SysOut prior to
the assertion of Reset.
2. lf Phase-Lock On oris asserted as mode select options, they should be asserted throughout the Reset period, to insure that the slowest coprocessor in
the system has sufficient time to lock to the CPU clocks.
3. Resetis actually sampled in both Phase 1 and Phase 2. To insure proper initialization, it must be negated relative to the end of Phase 1.

5.2
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES
DMA Stall Stall Fixup |
Phase 1 l 2 1 | 2
SysOut

tsvs|4_-> tsys
PRiOUt | /1/1

tDH -+ |e

DMA Stall ‘t
1Ds | tsmp

tDMADiIs

ICk U_

DClk

AdrLo Instruction X Data >

2873 drw 27

Figure 24. Entering DMA Stall
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RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS MILITARY AND COMMERCIAL TEMPERATURE RANGES
Run DMA Stall DMA Stall ]
Phase 1 | 2 1 I 2
SysOut

tsvslo—- tsys
PRIOUL « /_\—/i_

tDH -»
DMA Stall ‘t
tDs | tsmp

Run \
DRd \\ /
~» |e-{DMADis
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Figure 25. Completing DMA Stall

ORDERING INFORMATION

IDT XXXXX XX X X
Device Type Speed Package Process/
Temperature
Range
l Blank Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class E

|G 144-Pin PGA

| F 172-Pin Flat Pack
16 16.67 MHz
20 20.0 MHz
25 25.0 MHz
33 33.0 MHz
37 37.0 MHz
40 40.0 MHz

} 79R3001 RISController

2873dw 29
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y RISC FLOATING POINT IDT79R3010A
i ACCELERATOR (FPA) IDT79R3010AE
et !
Integrated Device Technology, Inc.
FEATURES: - Load/store architecture allows data movement directly
+ Hardware Support of Single- and Double-Precision between FPA and memory or between CPU and FPA
Operations: » Overlapped operation of independent floating point ALUs
— Floating-Point Add « Fully pin-compatible with IDT79R3010/IDT79R3010L
— Floating-Point Subtract
— Floating-Point Multiply DESCRIPTION:
— Floating-Point Divide The IDT79R3010A Floating-Point Accelerator (FPA) op-
— Floating-Point Comparisons erates in conjunction with the IDT79R3000A Processor and
— Floating-Point Conversions extends the IDT79R3000A’s instruction set to perform arith-
* Sustained perforrpance: . metic operations on values in floating-point representations.
— 11 MFLOPS single precision LINPACK The IDT79R3010A FPA, with associated system software,
— 7.3 MFLOPS double precision LINPACK fully conforms to the requirements of ANSI/IEEE Standard
* 16.7MHz through 40 MHz operation 754-1985, “IEEE Standard for Binary Floating-Point Arith-
+ Direct, high-speed interface with IDT79R3000A and metic.” Inaddition, the architecture fully supports the standard’s
IDT79R3001 Processor recomendations.
* Supports Full Conformance With IEEE 754-1985 Floating- This data sheet provides an overview of the features and
PointSpecification ' ) architecture of the 79R3010A FPA. A more detailed descrip-
. Fgll 64-bit operation using sixteen 64-bit data registers tion of the operation of the device is incorporated in the
* High-speed CEMOS™ technology “R3000A Family Hardware User's Manual,” and a more de-
* Military product compliant to MIL-STD-883, Class B tailed architectural overview is provided in the “mips RISC
+ 32-bit status/control register providing access to all IEEE-  Architecture” book, both available from IDT. ‘
Standard exception handiing - '
CACHE DATA BUS |
(32) S
INSTRUCTIONS OPERANDS
eset —» REGISTER UNIT (16 X 64)
EXPONENT PART . FRACTION
Run —» (11) ) m){ Fn) =) | (63 |(53)
A A
FpBusy <+ B RESULT RESULT,
COGIJF}OL EXPONENT UNIT '—' ADD UNIT
Exception —» & ROIAJNL?
CLOCKS (53) | (53)‘ (56)
Fpint
RESULT
‘T DIVIDE UNIT ?
FpCond <+—
CLOCKS —»| (53) ¢ (53) ¢ T(ss)
B RESULT
PLLON —» MULTIPLY UNIT
Figure 1. IDT79R3010A Functional Block Diagram
CEMOSis a k of Integrated Device Technol Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990

© 1990 Integrated Davice Technology, Inc. 5.3 ’ DSC-5039/1
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IDT79R3010A FPA REGISTERS
The IDT79R3010A FPA provides 32 general purpose 32-
bit registers, a Control/Status register, and a Revision Iden-

General Purpose Registers

tification register. The tightly-coupled coprocessor interface
causes the register resources of the FPA to appear to the
systems programmers as an extension of the CPU internal
registers. The FPA registers are shown in Figure 2.

(FGR/FPR)
63 32 31 0
FGR1 FGRO
Control/Status Register

FGR3 FGR2 31 0
FGRS5 FGR4 [ Exceptions/Enables/Modes ]

[ ]

° Implementation/Revision

° a1 Register 0
FGR27 FGR26 [ |
FGR29 FGR28
FGR31 FGR30 2573 6o

Figure 2. IDT79R3010A FPA Registers

Floating-pointcoprocessoroperations reference three types
of registers:
+ Floating-Point Control Registers (FCR)
» Floating-Point General Registers (FGR)
= Floating-Point Registers (FPR)

Floating-Point General Registers (FGR)
There are 32 Floating-Point General Registers (FGR) on
the FPA. Theyrepresentdirectly-addressable 32-bit registers,
and can be accessed by Load, Store, or Move Operations.

Floating-Point Registers (FPR)

The 32 FGRs described in the preceding paragraph are
also used to form sixteen 64-bit Floating-Point Registers
(FPR). Pairs of general registers (FGRs), for example FGRO

and FGR1 (refer to Figure 2) are physically combined to form.

a single 64-bit FPR. The FPRs hold a value in either single-
or double-precision floating-point format. Double-precision
format FPRs are formed from two adjacent FGRs.

Floating-Point Control Registers (FCR)

There are 2 Floating-Point Control Registers (FCR) on the
FPA. They can be accessed only by Move operations and
include the following:

+ Control/Status register, used to control and monitor
exceptions, operating modes, and rounding modes;

+ Revision register, containing revision information about
the FPA.

COPROCESSOR OPERATION

The FPA continually monitors the IDT79R3000A processor
instruction stream. If an instruction does not apply to the
coprocessor, it is ignored; if an instruction does apply to the
coprocessor, the FPA executes that instruction and transfers
necessary result and exception data synchronously to the
IDT79R3000A main processor.

The FPA performs three types of operations:
 Loads and Stores;
* Moves;
» Two- and three-register floating-point operations.

Load, Store, and Move Operations

Load, Store, and Move operations move data between
memory or the IDT79R3000A Processor registers and the
IDT79R3010A FPA registers. These operations perform no
format conversions and cause no floating-point exceptions.
Load, Store, and Move operations reference a single 32-bit
word of either the Floating-Point General Registers (FGR) or
the Floating-Point Control Registers (FCR).

Floating-Point Operations

The FPA supports the folowing single- and double-preci-
sion format floating-point operations:
* Add
Subtract
Multiply
Divide
Absolute Value
* Move
* Negate
» Compare

In addition, the FPA supports conversions between single-
and double-precision floating-point formats and fixed-point
formats.

The FPA incorporates separate Add/Subtract, Multiply,
and Divide units, each capable of independent and concurrent
operation. Thus, to achieve very high performance, floating
point divides can be overlapped with floating point multiplies
and floating point additions. These floating point operations
occur independently of the actions of the CPU, allowing
furtheroverlap of integer and floating point operations. Figure
3 illustrates an example of the types of overlap permissible.
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3 Only Load, Store, and Move operations
are permitted in FPA during these cycles.

Other FPA instructions can proceed during
these cycles. However, two muhirzly or two
divide operations cannot be overlapped.

These cycles are free for integer operations
in the CPU.

]

10

STORE (SWC1)

LOAD (LWC1) ft

2873 drw 03

Figure 3. Examples of Overlapping Floating Point Operation

Exceptions

The IDT79R3010A FPA supports all five IEEE standard

exceptions:

Invalid Operation

Inexact Operation

Division by Zero

Overflow

Underflow

The FPA also supports the optional, Unimplemented Op-

eration exception that allows unimplemented instructions to
trap to software emulation routines.

The FPA provides precise exception capability to the CPU;

that is, the execution of a floating point operation which
generates an exception causes that exception to occur at the
CPU instruction which caused the operation. This precise
exception capability is a requirement in applications and
languages which provide a mechanism for local software
exception handlers within software modules.

INSTRUCTION SET OVERVIEW

AllIDT79R3010A instructions are 32 bits long and they can

be divided into the folowing groups:

Load/Store and Move instructions move data between
memory, the main processor and the FPA general
registers.

Computational instructions perform arithmetic operations
on floating point values in the FPA registers.
Conversion instructions perform conversion operations
between the various data formats.

Compare instructions perform comparisons of the con-
tents of registers and set a condition bit based on the
results. The result of the compare operationis outputonthe
FpCond output of the FPA, which is typically used as
CpCond1 on the CPU for use in coprocessor branch
operations.

Table 1 lists the instruction set of the IDT79R3010A FPA.

OP Description OoP Description
Load/Store/Move Instructions Computational Instructions

LWC1 Load Word to FPA ADD.fmt Floating-point Add

SWC1 Store Word from FPA SUB.fmt Floating-point Subtract

MTC1 Move Word to FPA MUL. fmt Floating-point Multiply

MFC1 Move Word from FPA DIV.fmt Floating-point Divide

CTC1 Move Control word to FPA ABS.fmt Floating-point Absolute value

CFC1 Move Control word from FPA MOV.fmt Floating-point Move

NEG.fmt Floating-point Negate

Conversion Instructions Compare Instructions

CVT.S.fmt Floating-point Convert to Single FP C.cond.fmt Floating-point Compare

CVT.D.fmt Floating-point Convert to Double FP

CVT.W.fmt Floating-point Convert to fixed-point

2873 tbl 01

Table 1. IDT79R3010A Instruction Summary
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ID79R3010 PIPELINE ARCHITECTURE
The IDT79R3010A FPA provides an instruction pipeline

that parallels that of the IDT79R3000A processor. The FPA,

however, has a 6-stage pipeline instead of the 5-stage pipeline
of the IDT79R3000: the additional FPA pipe stage is used to
provide efficient coordination of exception responsesbetween
the FPA and main processor.

The execution of a single IDT79R3010A instruction con-
sists of six primary steps:

1) IF—Instruction Fetch. The main processor calculates the
insruction address required to read an instruction fromthe
|-Cache. No action is required of the FPA during this pipe
stage since the main processor is responsible for address
generation.

2) RD—The instruction is present on the data bus during
phase 1 of this pipe stage and the FPA decodes the

instruction on the bus to determine if it is an instruction for
the FPA.

3) ALU—If the instruction is an FPA instruction, instruction
execution commences during this pipe stage.

4) MEM—If this is a coprocessor load or store instruction, the
FPA presents or captures the data during phase 2 of this
pipe stage.

5) WB—The FPA uses this pipe stage solely to deal with
exceptions.

6) FWB—The FPA uses this stage to write back ALU results
to its register file. This stage is the equivalent of the WB
stage in the IDT79R3000A main processor.

Each of these steps requires approximately one FPA cycle
as shown in Figure 3 (parts of some operations spill over into
another cycle while other operations require only 1/2 cycle).

INSTRUCTION EXECUTION

IF | RD ALU MEM ws FwWB
| I-CacheT RF oP D-Cache | Regsterfie | rpwp |
| FP excaptions
—
One Cycle

2873 drw 04

Figure 4. IDT79R3010A Instruction Summary

| IF | RD |ALU|MEM| WB

LIF | Rlﬂ ALU ,MEM

FWBJ

ﬁ | RD |ALU MEM

WB | FWBI

l IF | RD | ALU MEMJ WB lFWBl

Instruction
Flow | IF

ALU |MEM| wB |FWB|

Current
Cycle

RD |ALU]MEM| wB |FWB|

2873 drw 05

Figure 5. IDT79R3010A Instruction Pipeline

The IDT79R3010A uses a 6-stage pipeline to achieve an
instruction execution rate approaching one instruction per
FPA cycle. Thus, execution of six instructions at a time are
overlapped as shown in Figure 5.

This pipeline operates _efficiently because different FPA
resources (address and data bus accesses, ALU operations,
register accesses, and so on) are utilized on a non-interfering
basis.
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PACKAGE THERMAL SPECIFICATIONS

The IDT79R3010A utilizes special packaging techniques
to improve both the thermal and electrical characteristics of
the floating point accelerator.

In order to improve the electrical characteristics of the
device, the package is constructed using multiple signal
planes, including individual power planes and ground planes
to reduce noise associated with high-frequency TTL parts.

In order to improve the thermal characteristics of the
floating point accelerator, the device is housed using cavity
down packaging for the flatpack and the PGA (the J-bend
CerQuad is cavity up). In addition, these packages incorpo-
rate a copper-tungsten thermal slug designed to efficiently
transfer heat from the die to the case of the package, and thus
effectively lower the thermal resistance of the package. The
use of an additional external heat sink affixed to the package
thermal slug further decreases the effective thermal resis-
tance of the package.

The case temperature may be measured in any environ-
ment to determine whether the device is within the specified
operating range. The case temperature should be measured

at the center of the top surface opposite the package cavity
(the package cavity is the side where the package lid is
mounted).

The equivalent allowable ambient temperature, TA, canbe
calculated using the thermal resistance from case to ambient
(@ca) for the given package. The following equation relates
ambient and case temperature:

TA =Tc - P'@ca

where P is the maximum power consumption, calculated by
using the maximum Icc from the DC Electrical Characteristic
section.

Typical values for &ca at various airflows are shown in
Table 2 for the various CPU packages.

Airflow - (ft/min)
0 200 | 400 600 | 800 | 1000
Jca (84-PGA) 22 8 3 2 15| 1.0
@ca (84-Flatpack) | 22 9 4 3 2 1.5
@ca (84-CerQuad) | 25 17 | 12 8 7 6

2873 bl 02
Table 2. Thermal Resistance (Oca) at Various Airflows
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PIN CONFIGURATION™
(Top View)
gR¥E__BBEITREER . T2EE,
gfsssl0sssSssangbssssg
8888868888838888688888
1109 87 6 54 32 184838281807978777875
CikexRd ] 12 i 74 =1 aND13
FpSysin T 13 \ 73 [ DataP (1)
Data (31) ] 14 Index 72 [ VCC12
vcet1 18 71 [0 GND12
GND1 C—{ 16 70 71 FpCond
DataP (3) C— 17 69 1 FpBusy
FpSysOut C—{ 18 68— Fpint
Clk2xSys [} 19 67 3 Exception
ClkexSmp ] 20 66 [ Run
Cik2xPhi C—} 21 65 [ Resvd2
Reset ] 22 84-Pin J Bend CERQUAD 64 [ Resvd!
FpSync T 23 63 [ vCe1t
vcc2 24 62 ] GND11
GND2 25 61 [J VCC10
VCC3 26 60 [ GND10
GND3 27 59 [C3 FpPresent
PLLOn C—]28 58 [ Resvd0
VCC4 29 §7 [ VCC9
GND4 T30 56 1 GND9
vCces 31 §5 1 vces
32 54
GNDS 3334 35 3637 38 39 404142 4344 45 46 47 4849 5051 52 53 GND8
UUOUOUOOUOUUOuioIaoul  esrewee
ECE888TEEE 48885 8TH
P Lt R s
8 88 8888
NOTE:

1. Reserved pins must not be connected.
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PIN CONFIGURATION®™
(Ceramic, Cavity Down) - BOTTOM VIEW

M Data | DataP FP = Aon | Rsrvd
Vss Veo g 1 Vss Cond Pint | Vss Run A Vee Vss

L | Data | Data | Data | Data | vee |FpBusy|EXcep-| vee | Rsrvd FP_| Data | Data

21 20 18 16 tion 2 |Present| 15 14
Data Rsrvd
K | Vss Vee pry 0 Vee Vss
J | Data | Data Data | Data
23 22 13 12
H Data | DataP Data | Data
24 2 11 10
G Dzasta Dzaga . Ve | Vss
84-Pin Ceramic Pin Grid Array

Data | Data
8 9

E Data | Data Data | DataP
27 28 7 0
D Data | Data Data | Data
29 30 5 6
Clk2x Data
C | Vss | Vee | =g 3 Vee | Vss

Fp_ | Data | DataP Clk2x Clk2x
B S_ysr o 3 Vee Vee Vee

Data | Data ‘| Data
Sys Phi 1 3 4

Out Smp

PFlion

Al Vss | Vco BSYS | yss | CK2x | vss | Moser| vss | FP. | Data | vee | vss
Sync
9

10 1" 12
2873 drw 07

NOTE:
1. Reserved pins must not be connected.
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PIN CONFIGURATION(®™
84-L QUAD FLATPACK (CAVITY DOWN)
TOP VIEW
— o [} n‘._
2Q0 8|3 oo Y =-NoX=]
SRR R LA E R
1 63
Data (30) ———— A C—— Data (0)
Data(29) ——— ) C—— Data(1)
Data (28) .—— 3 C—1 Data(2)
Data (27) c——— C——1 Data(3)
VCC ——— C—J GND
GND ——1 C——3 Vvce
Data (26) ——— ) [C——— 1 Data(4)
Data (25) ——— C———1 Data (5)
Data (24) C———1 Data (6)
DataP (2) C—— C—— 1 Data(7)
Data {23) ——— 3 HEATSINK C—— DataP (0)
Data (22) ] C——1 Data(8)
Data (21) C——) C— Data(9)
Data (20) == C——1 Data (10}
vVCC ——— CC——1 Data(11)
GND ———— C—— GND
Data (18) ——— C—/ vce
Data (18) ———— ) C—— Data(12)
Data (17) .——— C—1 Data(13)
Data (16) ——— 1 Data(14)
VCC ———— C— Data(15)
21 43
22 a2
2873drw 08

NOTE:
1. Reserved pins must not be connected.

GNDC——1
DataP (1)1
vec——
GNDC—]
FpCond C——— 1
FpBusy 1
RunC——1
Resvd2 C——
Resvd1 C——1
vee———
GND[CC—
veoc——3
GNDC—
FpPresent C———
vec——1
GNDC—J
veer——
GNDC——]

Fpint C——1
Exception ——1

Resvd0 C——1
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PIN DESCRIPTIONS
| Pin Name 1o Description

Data (0-31) /0 | A multiplexed 32-bit bus used for instruction and data transfers on phase 1 and phase 2, respectively.

DataP (0-3) O | A 4-bit bus containing even parity over the data bus. Parity is generated by the FPA on stores.

Run || Input to the FPA which indicates whether the processor-coprocessor system is in the run or stall state.
Exception | | Input to the FPA which indicates exception related status information.

FpBusy O | Signal to the CPU indicating a request for a coprocessor busy stalil.

FpCond O | Signal to the CPU indicating the result of the last comparision operation.

Fpint O | Signal to the CPU indicating that a floating-point exception has occured for the current FPA instruction.
Reset | | Synchronous initialization input used to distinguish the processor-FPA synchronization period from the

execution period. Reset must be synchronized by the leading edge of SysOut from the CPU.

PlIOn I Input which during the reset period determines whether the phase lock mechanism is enabled and during the
execution period determines the output timing model.

FpPresent O | Output which is pulled to ground through an impedance of approximately 0.5k ohms. By providing an external
pullup on this line, an indication of the presence or absence of the FPA can be obtained.

Clk2xSys A double frequency clock input used for generating FpSysOut.

Clk2xSmp A double frequency clock input used to determine the sample point for data coming in to the FPA.

Clk2xRd A double frequency clock input used to determine the disable point for the data drivers.

Clk2xPhi A double frequency clock input used to determine the position of the internal phases, phase 1 and phase 2.

FpSysin Input used to receive the synchronization clock from the FPA.

FpSync

I
|
1
1
r—; N A
FpSysOut O | Synchronization clock from the FPA.
t
!

Input used to receive the synchronization clock from the CPU.

2873 tbl 03
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RECOMMENDED OPERATING

TEMPERATURE AND SUPPLY VOLTAGE

Symbol Rating Commercial Military [ Unit
VTERM | Terminal Voltage | -0.5t0 +7.0 | -0.5t04+7.0| V Grade Temperature GND Vee
with Respect Military 55°C1o+125°C | OV 5.0 £10%
to GND (case)
TA, Tc | Operating 0to+704 | -55t0+125| °C -
Temperature (Ambient) (Case) : Commercial 0°Cto +70°C oV 5.0 5%
010 +90® 16-33 MHz (Ambient)
(Case) Commercial 0°C to +90°C ov 5.0 +5%
Teias | Case Temperature|-55to +125% | -65to +135 | °C 37-40 MHz (Case)
Under Bias 0 to +90® 2873 1ol 06
TsTG Storage -55t0 +125 | -65to +155 | °C
Temperature
IIN Input Voltage -0510+7.0 [-05t0+7.0] vV | OUTPUT LOADING FOR AC TESTING
2873 tol 04
NOTE: :
1. Stressesgreater than those listedunder ABSOLUTE MAXIMUMRATINGS
may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions
above those indicatedin the operational sections of this specificationis not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.
2. VIN minimum = -3.0V for pulse width less than 15ns. VREF To Device
VIN should not exceed Vee +0.5 Volts. {8V Under Test
3. Notmorethan one outputshould be shorted ata time. Durationoftheshort  +'-
should not exceed 30 seconds.
4. 16-33 MHz only. 25pF
5. 37-40 MHz only.
-4mA 2873 drw 09
AC TEST CONDITIONS
Symbol Parameter Min. Max. Unit
VH Input HIGH Voltage 3.0 — \
ViL Input LOW Voltage — 0.4 \
ViHS Input HIGH Voltage 35 — v
ViLs Input LOW Voltage —_ 0.4 \
ViHC Input HIGH Voltage 4.0 — \"
ViLe Input LOW Voltage — 0.4 v
2873 tbl 05
53 10
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DC ELECTRICAL CHARACTERISTICS FOR IDT79R3010A

COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to + 70°C, VG = + 5.0 V + 5%)

. 16.67 MHz 20.0 MHz Unit
Symbol Parameter Test Conditions Min. Max. Min. Max. .
VOH Output HIGH Voltage Vce = Min, IoH = -4mA 3.5 — 35 — 1
VoL Output LOW Voltage Vce = Min, loL = 4mA —_ 0.4 — 0.4 \
VoLFp | Output LOW Voltage(® Vee = Min, loL = 1.5mA — 0.5 — 0.5 Vv
VHH Input HIGH Voltage(®) 2.0 - 2.0 — v
ViL Input LOW Voltage( - 0.8 — 0.8 v
VIHs Input High Voltage(2:6) 3.0 — 3.0 — \
ViLs Input LOW Voltage(!:2) — 0.4 — 0.4 \%
VIHC Input HIGH Voltage(4.6) 4.0 — 40 — Y
viLe Input LOW Voltage(!4) — 0.4 — 0.4 v
CIN Input Capacitance(?) — 10 — 10 pF
Cout Output Capacitance(?) — 10 — 10 pF
lcc Operating Current Vee = 5.0V, TA=70°C — 525 — 600 mA
IH Input HIGH Leakage(3) ViH = Vce — 100 — 100 HA
L Input LOW Leakage(3) ViL = GND -100 — -100 — uA
loz Output Tri-state Leakage | VOH = 2.4V, VoL = 0.5V -100 100 -100 100 A
2873 tol 07
DC ELECTRICAL CHARACTERISTICS FOR IDT79R3010AE
COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to + 70°C, VCC = + 5.0 V + 5%)
25.0 MHz 33.33 MHz Unit
Symbol Parameter Test Conditions Min. Max. Min. Max.
VOoH Qutput HIGH Voltage Vcce = Min, IoH = -4mA 3.5 — 35 — \
VoL Output LOW Voltage vce = Min, loL = 4mA — 0.4 — 0.4 \
VoLFP | Output LOW Voltage!® Vce = Min, loL = 1.5mA — 05 — 0.5 v
ViH Input HIGH Voltage® 2.0 — 2.0 — v
ViL Input LOW Voitage(!) — 0.8 — 0.8 \
VIHS Input High Voltage(2.6) 3.0 — 3.0 — v
ViLs Input LOW Voltage(!.2) — 0.4 — 0.4 \%
ViHe Input HIGH Voltage(4.6) 4.0 — 4.0 — Vv
Vie Input LOW Voltage(1.4) — 0.4 — 0.4 \
CIN Input Capacitance(?) — 10 — 10 pF
Cout Output Capacitance(?) — 10 — 10 pF
Icc Operating Current Vce = 5.0V, Ta=70°C — 650 — 700 mA
IH Input HIGH Leakage(®) VIH = Vce — 100 —_ 100 nA
liL Input LOW Leakage(3) ViL = GND -100 — -100 — HA
loz Output Tri-state Leakage | VOH = 2.4V, VoL = 0.5V -100 100 -100 100 pA
2873 bl 08
NOTES:
1. ViL Min. =-3.0V for pulse width less than 15ns. VIL should not fall below -0.5V for larger periods.
2. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, FpSysin, FpSync and Reset.
3. These parameters do not apply to the clock inputs.
4. VIHC and ViLc apply to Run, PllOn and Exception.
5. VOLFP applies to the FPPresent pin only.
6. ViHand Viks should not be held above Vcc + 0.5 Volts.
7. Guaranteed by design.
5.3 11
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COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to + 90°C, VcC = + 5.0 V + 5%)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

. 37 MHz 40 MHz Unit
Symbol Parameter Test Conditions Min. Max. Min. Max.
VoH Output HIGH Voltage Vce = Min, IoH = -4mA 3.5 — .V
VoL Output LOW Voltage Vce = Min, loL = 4mA — 0.4 \
VoLrp | Output LOW Voltage(® Vce = Min, loL = 1.5mA — 05 v
ViH Input HIGH Voltage(®) 2.0 — v
viL Input LOW Voltage(") — 0.8 v
ViHS Input High Voltage(2.6) 3.0 — v
ViLs Input LOW Voltage(1.2) — 0.4 \
ViHC Input HIGH Volitage(4.6) \'
Vie Input LOW Voitage(!:4) v
CiN Input Capacitance(”) pF
Cout Output Capacitance(?) pF
lcc Operating Current Vee = 5.0V, Tc = 90°C mA
IH Input HIGH Leakage(® VH = Vce HA
I Input LOW Leakage(®) ViL = GND uA
oz Output Tri-state Leakage | VOH = 2.4V, VoL = 0.5V -1 100 -100 100 HA
2873 ol 09
NOTES:
1. Vit Min. = -3.0V for pulse width less than 15ns. ViL should not fall below -0.5V for larger periods.
2. Vius and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, FpSysin, FpSync and Reset.
3. These parameters do not apply to the clock inputs.
4. VIHC and ViLc apply to Run, PIIOn and Exception.
5. VOLFP applies to the FPPresent pin only.
6. VH and ViHs should not be held above Vce + 0.5 Volts.
7. Guaranteed by design.
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IDT79R3010A/AE
RISC FLOATING POINT ACCELERATOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS FOR IDT79R3010A

‘MILITARY TEMPERATURE RANGE (Tc = ~55°C to + 125°C, VCC = + 5.0 V + 10%)

16.67 MHz 20.0 MHz Unit
Symbol Parameter Test Conditions Min. Max. Min. Max.
VOH Output HIGH Voltage vee = Min, IoH = -4mA 3.5 — 35 v
VoL Output LOW Voltage vee = Min, loL = 4mA — 0.4 — \
VoLFp | OQutput LOW Voltage(® vee = Min, loL = 1.5mA — 0.5 — v
VH Input HIGH Voltage(®) 2.0 — v
Vi Input LOW Voltage(!) — 0.8 0.8 )
VIHs Input High Voltage(2.6) 3.0 — — \
ViLs Input LOW Voltage(1:2) — 0.4 0.4 Vv
VIHC Input HIGH Voltage(46) — v
vie Input LOW Voltage(1:4) 0.4 v
CIN Input Capacitance(?) 10 pF
Cout Output Capacitance(?) 10 pF
lcc Operating Current - Vee = 5.0V, TA=70°C 650 mA
IH Input HIGH Leakage(3) VIH = Vcc 100 pA
L Input LOW Leakage(3) ViL = GND —_ pA
loz Qutput Tri-state Leakage | VOH = 2.4V, VoL = 0.5V -106" 100 -100 100 pRA
2873 bl 10
DC ELECTRICAL CHARACTERISTICS FOR IDT79R3010AE —
MILITARY TEMPERATURE RANGE (Tc =-55°C to + 125°C, VCC = + 5.0 V + 10%)
. 25.0 MHz 33.33 MHz Unit
Symbol Parameter Test Conditions Min. Max. Min. Max. )
VoH QOutput HIGH Voltage Vce = Min, IoH = -4mA 3.5 — 3.5 \
VoL Output LOW Voltage vee = Min, oL = 4mA — 0.4 — \
VoLFp | Output LOW Voltage(® vce = Min, loL = 1.5mA — 0.5 — v
VIiH Input HIGH Voltage(® 2.0 — 2.0 — v
ViL Input LOW Voltage(1) — 0.8 0.8 v
VHs Input High Voltage(2.6) 3.0 — — A
ViLs Input LOW Voltage(1.2) — 0.4 \
VIHC Input HIGH Voltage(4.6) — \'
ViLe Input LOW Voltage(1:4) 0.4 v
CIN Input Capacitance(?) 10 pF
Cout Output Capacitance(?) 10 pF
lcc Operating Current Vee = 5.0V, TA=70°C- 750 mA
IH Input HIGH Leakage(® VIH = Vcec 100 uA
8 Input LOW Leakage(®) VIL = GND — pA
loz Qutput Tri-state Leakage | VOH = 2.4V, VoL = 0.5V 100 HA
NOTES: 2873 thi 11
1. ViL Min. = -3.0V for pulse width less than 15ns. VIL should not fall below -0.5V for larger periods.
2. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, FpSysin, FpSync and Reset.
3. These parameters do not apply to the clock inputs.
4. VIHC and ViLc apply to Run, PIlOn and Exception.
5. VOLFP applies to the FPPresent pin only.
6. ViHand Vins should not be held above Vcc + 0.5 Volts.
7. Guaranteed by design.
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IDT79R3010A/AE
RISC FLOATING POINT ACCELERATOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS FOR IDT79R3010A(1 3)

COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VcC = +5.0V + 5%)

16.67 MHz 20.0 MHz
Symbol Parameter Test Conditions Min. I Max. Min. Max. Unit
Clock
TekHigh | Input Clock High(? Note 7 12 — 10 — ns
TekLow | Input Clock Low(@) Note 7 12 — 10 - ns
Texp | Input Clock Period 30 1000 25 1000 ns
Clk2xSys to Clk2XSmpt®) 0 teycrd 0 teyc/d ns
Clk2xSmp to Clk2xRd(®) 0 tcyc/4 0 teyc/4 ns
Clk2xSmp to Clk2xPhif®) 9 tcyc/4 7 tcyc/4 ns
Timing Paramters
Toen | Data Enable(® — -2 — -2 ns
Tobls | Data Disable!®) — -1 — -1 ns
Toval | Data Valid Load= 25pF — 3 — 3 ns
TRSDS | Reset Set-up 15 — 15 — ns
Tos Data Set-up 9 —_ 8 — ns
TOH Data Hold®) -2.5 — 2.5 — ns
TrpCond| Fp Condition — 35 — 30 ns
TFpBusy | Fp Busy — 15 — 13 ns
Trpint | Fp Interrupt — 40 — 35 ns
TrpMov | Fp Move To — 35 — 30 ns
TRExS [ Exception Set-up (Run Cycle) 14 — 12 — ns
Tsexs | Exception Set-up (Stall Cycle) 12 — 10 — ns
TExH Exception Hold 0 — 0 — ns
TRunS | Run Set-up 17 — 15 — ns
TrRunH | Run Hold -2 — -2 — ns
Tstalls | Stall Set-up 10 — 10 — ns
TstatH | Stall Hold 2 — 2 —_ ns
Reset Initialization
TestiPLL | Reset Timing, Phase-lock on(#: 5 3000 — 3000 — Teye
Trst Reset Timing, Phase-lock off(®) 128 — 128 — Teye
Capacitive Load Deration
CLD _|Load Derate® 05 2 o5 | 1 [ns/25pF
NOTES: 2873 tol 12
1. All timings are referenced to 1.5V,
2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.
3. This parameter is guaranteed by design.
4. With PlIOn asserted, Reset must be asserted for the longer of 3000 clock cycles or 200 microseconds.
5. Teycis one CPU clock cycle (two cycles of a 2x clock).
6. No two signals on a given device will derate for a given load by a difference greater than 15%.
7. Clock transition time < 5ns.
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IDT79R3010A/AE
RISC FLOATING POINT ACCELERATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS FOR IDT79R3010AE(1: 3)
‘COMMERCIAL TEMPERATURE RANGE (T = 0°C to +70°C, VCC = +5.0V + 5%)

25.0 MHz 33.33 MHz
Symbol Parameter Test Conditions Min. | Max. Min. Max. Unit
Clock
TckHigh | Input Clock High(®) Note 7 8 — 6 — ns
TckLow | Input Clock Low(2) Note 7 8 — 6 — ns
Texkp Input Clock Period 20 1000 15 1000 ns
Clk2xSys to Clk2XSmp!S) 0 teycld 0 teyc/4 ns
Clk2xSmp to Clk2xRd(®) 0 tcyc/d 0 teyc/4 ns
Clk2xSmp to Clk2xPhi(5) 5 tcyc/d 3.5 teyc/4 ns
Timing Paramters .
Toen | Data Enable®® — -1.5 — -1 ns
Topls | Data Disable(® — -0.5 — -0.5 ns
Toval | Data Valid Load= 25pF — 2 — 2 ns
TrsDs | Reset Set-up 10 — 10 — ns
Tos Data Set-up 6 — 45 - ns
ToH | Data Hold® 2.5 — 2.5 — ns
TrpCond| Fp Condition — 25 — 17 ns
TrpBusy | Fp Busy — 10 — 7 ns
Trpint | Fp Interrupt — 25 — 18 ns
TrpMov | Fp Move To —_ 25 —_ 16 ns
TRExS | Exception Set-up (Run Cycle) 11 — 9 — ns
Tsexs | Exception Set-up (Stall Cycle) 8 — 6.5 — ns
TExH Exception Hold 0 — 0 — ns
TRuns | Run Set-up 15 — ) 12.5 — ns
TRunH | Run Hold -2 — -1.5 — ns
Tstalls | Stall Set-up 9 — 7 — ns
TstalH | Stall Hold -2 — -2 —_ ns
Reset Initialization . .
TrsiPLL | Reset Timing, Phase-lock onf4: 5 3000 —_ 3000 — Teyc
Trst Reset Timing, Phase-lock off(5) 128 — 128 — Teye
Capacitive Load Deration
CLD | Load Derate!®) 05 1 05 | 1 |ns/25pF
NOTES: 2873 tl 13

1. Alltimings are referenced to 1.5V.

2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.

This parameter is guaranteed by design.

. With PlIOn asserted, Reset must be asserted for the longer of 3000 clock cycles or 200 microseconds.
. Teye is one CPU clock cycle (two cycles of a 2x clock).

. No two signals on a given device will derate for a given load by a difference greater than 15%.

. Clock transition time < 2.5ns for 33MHz; clock transition time < 5ns for all other speeds.

NO O s W
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IDT79R3010A/AE
RISC FLOATING POINT ACCELERATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS FOR IDT79R3010AE(":3)
COMMERCIAL TEMPERATURE RANGE (T¢ = 0°C to +90°C, VCC = +5.0V + 5%)

37.0 MHz 40.0 MHz

Symbol Parameter Test Conditions Min. |  Max. Min. |  Max Unit
Clock
TckHigh | Input Clock Highf?) Note 7 55 —_— 5.5 ns
Tckiow | Input Clock Low(?) Note 7 5.5 — 5.5 ns
Tckp Input Clock Period 135 1000 125 ns

Clk2xSys to CIk2XSmp!> 0 teyera 0 ns

Clk2xSmp to Clk2xRd!5) 0 teyc/a 0 ns

Clk2xSmp to Clk2xPhi(5) 35 ns
Timing Paramters
Toen | Data Enable® ns
Tobis | Data Disable(®) ns
Toval | Data Valid Load= 25pF ns
TRsDS | Reset Set-up ns
Tos Data Set-up ns
ToH Data Hold® ns
TrpCond| Fp Condition ns
TrpBusy | Fp Busy ns
Trpint | Fp Interrupt ns
TrpMov | Fp Move To ns
TRexs | Exception Set-up (Run Cycle) ns
Tsexs | Exception Set-up (Stall Cycle) ns
TexH | Exception Hold ns
TRunS |Run Set-up ns
TRunH | Run Hold ns
Tstans | Stall Set-up ns
TstaiH | Stall Hold ns
Reset Initialization
TrstPLL | Reset Timing, Phase-lock onf4:5) Teyc
Trst Reset Timing, Phase-lock off(3) Teye
Capacitive Load Deration
CLD  |Load Derate(®) [ ns/25pF

NOTES: ’ ’ 2873 t! 14
. Alltimings are referenced to 1.5V.

. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.

. This parameter is guaranteed by design.

With PliOn asserted, Reset must be asserted for the longer of 3000 clock cycles or 200 microseconds.

. Teyc is one CPU clock cycle (two cycles of a 2x clock).

. No two signals on a given device will derate for a given load by a difference greater than 15%.

. Clock transition time < 2.5ns.

NoOORLON =
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IDT79R3010A/AE
RISC FLOATING POINT ACCELERATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS FOR IDT79R3010A(1: 3)
MILITARY TEMPERATURE RANGE (Tc = -55°C to +125°C, VCC = +5.0V £ 10%)

16.67 MHz 20.0 MHz

Symbol Parameter Test Conditions Min. | Max. Min. Max. Unit
Clock
Tcktigh | Input Clock Hight® Note 7 12 — 10 ns
Tcktow | Input Clock Low(?) Note 7 12 — 10 ns
Tekp | Input Clock Period 30 1000 25 ns

Clk2xSys to CIk2XSmpt5) 0 tcyc/a 0 ns

Clk2xSmp to Clk2xRd(®) 0 teyc/4 0 ns

Clk2xSmp to Clk2xPhi(5) 9 teyc/4 7 ns
Timing Paramters
Toen | Data Enable(® ns
Tobis | Data Disable(® ns
Toval | Data Valid Load= 25pF ns
TrsDs | Reset Set-up ns
Tos Data Set-up ns
ToH Data Hold®) ns
TFpCond| Fp Condition ns
TFpBusy | Fp Busy ns
Trpint | Fp Interrupt ns
TrpMov | Fp Move To ns
TRExs | Exception Set-up (Run Cycle) ns
Tsexs | Exception Set-up (Stall Cycle) ns
TexdH | Exception Hold ns
TRunS | Run Set-up ns
TRunH | Run Hold ns
Tstalls | Stall Set-up ns
Tstaid | Stall Hold ns
Reset Initialization
TistPLL | Reset Timing, Phase-lock on(4:5) Teyc
Trst Reset Timing, Phase-lock off(5) Teyc
Capacitive Load Deration ]
CLD [Load Derate(® |ns/25pF

NOTES: 2873 bl 15
1. All timings are referenced to 1.5V.

2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.

This parameter is guaranteed by design.

. With PilOn asserted, Reset must be asserted for the longer of 3000 clock cycles or 200 microseconds.

. Teyc is one CPU clock cycle (two cycles of a 2x clock).

No two signals on a given device will derate for a given load by a difference greater than 15%.

. Clock transition time < 5ns

NoOs®
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IDT79R3010A/AE
RISC FLOATING POINT ACCELERATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS FOR IDT79R3010AE(1: 3)
MILITARY TEMPERATURE RANGE (Tc = -55°C to +125°C, VGG = +5.0V + 10%)

25.0 MHz 33.33 MHz

Symbol Parameter Test Conditions Min. | Max. Min. |  Max. Unit
Clock
TckHigh | Input Clock High®) Note 7 8 — 6 ns
Tcklow | Input Clock Low(®) Note 7 8 — 6 ns
Tckp | Input Clock Period 20 1000 15 ns

Clk2xSys to Clk2XSmp(5) 0 tcyc/4 0 ns

Clk2xSmp to Clk2xRd(5) 0 tcyc/4 0 ns

Clk2xSmp to Clk2xPhil5) 5 teyc/d 3.5 ns
Timing Paramters .
Toen | Data Enable(® — -1.5 ns
Tobis | Data Disable® — -0.5 — -0 ns

‘| Toval | Data Valid Load= 25pF 2 ns

TRsDs |Reset Set-up : — ns
Tos Data Set-up — ns
ToH Data Hold®®) — ns
TrpCond| Fp Condition 17 ns
TFpBusy | Fp Busy 7 ns
TFpint | Fp Interrupt 18 ns
TrFpMov | Fp Move To 16 ns
TReExs | Exception Set-up (Run Cycle) — ns
TseExS | Exception Set-up (Stall Cycle) . — ns
TexH | Exception Hold 0 . — ns
TRunS | Run Set-up — ns
TRunH | Run Hold ; — ns
Tstals | Stall Set-up —_ ns
TstaliH | Stall Hold — ns
Reset Initialization
TrstPLL | Reset Timing, Phase-lock on(4. 5) — Teyc
Trst | Reset Timing, Phase-fock off(®) ' — Teye
Capacitive Load Deration :
CLD |Load Derate!® 1 ns/25pF

NOTES: 2873 tol 15
1. Alltimings are referenced to 1.5V.

2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.

This parameter is guaranteed by design.

. With PlOn asserted, Reset must be asserted for the longer of 3000 clock cycles or 200 microseconds.

. Teycis one CPU clock cycle (two cycles of a 2x clock).

. No two signals on a given device will derate for a given load by a difference greater than 15%.

. Clock transition time < 2.5ns for 33MHz; clock transition time < 5ns for all other speeds.

NO AW
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IDT79R3010A/AE

RISC FLOATING POINT ACCELERATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES
Tcklow —»le Tckp Tckhigh
Clk2xSys
Tsm

ClkaxSmp m— _\_/
Trd
Clk2xRd m ,l; ﬂ__

l¢— Tsys —»

Clk2xPhi m 7q

2873drw 10

Figure 6. Input “2x” Clock Timing

' Teye >
PRS0 "4 N K
Tsmp —» Tsmp —
| N . .

Trd - Trd —»f
FpRdOut* /
Tsys

FpPhiOut* \ A \\
Tsys

2873 0w 11

Figure 7. Processor Reference Clock

* These signals are not actually output from the floating point processor.
They are drawn to provide a reference for other timing diagrams.
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RISC FLOATING POINT ACCELERATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES
L FPA Store FPA Load
Phase 1 2 1 2 1
- Tsys -
FpSysOut Tsys y
Tsys Tsys
FpPhiOut >< 7¢ . 5< 7¢ No
| Bus D Bus | Bus D Bus
Input Output Input Input
-~ Tden
Tdh -+ Trd Tdh -» \I..
Data Bu £ >
® % «/
Tds Tds
Tdval
Tsmp Tddis—» Tsmp
— Truns —
TR BN 'S
Run N | Vi
'ﬁ l" Trunh Tstalls

2873 drw 12
Figure 8. Floating Point Load/Store Timing

L MoveTo MEM Access ‘MoveTo Writeback

Phase 1 2 1 2 1
FpSysOut

FpPhiOut

FpCond
Tfpcond | Tfpcond
Fpint * Fpint*
Tfpmov | Tfpmov
2860 drw 22

Figure 8. Move to FPC Status Timing
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IDT79R3010A/AE
RISC FLOATING POINT ACCELERATOR : MILITARY AND COMMERCIAL TEMPERATURE RANGES

L FP ALU FP Mem

Phase 1 2 1 2 1

- Tsys
FpSysOut Tsys
Tsys Tsys

meroat N N N

Fpint )J( Fpint

Tipint | Tipint k 28730rw 14

Figure 10. Floatling Point Interrupt Timing -,

L. FPCompareALU FPCompareMEM

Phase 1 2 1 2 1

- Tsys
FpSysOut Tsys Y
Tsys Tsys

FpPhiOut \ A b A bR

FpCond * FpCond

Tfpcond I Tfpcond
2873 drw 15

Figure 11. Floating Point Condition Timing
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RISC FLOATING POINT ACCELERATOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Phase

FpSysOut

FpPhiout

Tfpbusy Tfpbusy
FpBusy / /( : \ 7( \
Texh
Exception >E )E PAES N ) 4
TRExS = TExH TStallS
Run le—s{ TStallH
2873dw 16
Figure 12. Floating Point Busy, Exception Timing
Phase 1 2 1 2 1 2 1 2 1 2
PlOn 7
Tds |e—»le—> Tsmp
Reset ij )/
Tdh —» re4-
7"
g
Vce
Trst
2873 drw 17

Figure 13. Power-On Reset Timing
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MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX XX X X
Device Type Speed Package Process/
Temperature
Range

| 79R3010A

| 79R3010AE

Commercial (0°C to +70°C)

Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Military Temperature Range Only

84-Pin Quad Flatpack (Cavity Down)
84-Pin PGA (Cavi%Dowrg
84-Pin J-Bend CerPack (Cavity Up)

16.67 MHz
20.0 MHz
25.0 MHz
33.33 MHz
37 MHz
40 MHz

Floating Point Accelerator )
Enhanced Timing Floating Point Accelerator

2873 drw 18
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RISCore™

Integrated Device Technology, Inc.

RISC CPU PROCESSOR

PRELIMINARY
IDT79R3500A

FEATURES

A single chip integrating the R3000 CPU and R3010 FPA
execution units, using the R3000A pinout.

Efficient Pipelining—The CPU’s 5-stage pipeline design
assists in obtaining an execution rate approaching one
instruction per cycle. Pipeline stalls and exceptions are
handled precisely and efficiently.

On-Chip Cache Control—The IDT79R3500A provides a
high bandwidth memory interface that handles separate
external Instruction and Data Caches ranging in size from
4 to 256 Kbytes each. Both caches are accessed during a
single CPU cycle. All cache control is on-chip.

On-Chip Memory Management Unit—A fully-associative,
64 entry Translation Lookaside Buffer (TLB) provides fast
address translation for virtual-to-physical memory map-
ping of the 4 Gigabyte virtual address space.
Dynamically able to switch between Big- and Little- Endian
byte ordering conventions.

Optimizing Compilers are available for C, FORTRAN,
Pascal, COBOL, Ada, and PL/1.

16.7 through 40MHz clock rates yield up to 32 VUPS
sustained throughput.

Supports independent multiword block refill of both the
instruction and data caches with variable block sizes.
Supports concurrent refill and execution of instructions.
Partial word stores executed as read-modify-write.

6 externalinterruptinputs, 2 software interrupts, with single
cycle latency to exception handler routine.

Flexible multiprocessing support on chip with no impact on
uniprocessor designs.

Software compatible with R3000, R2000 CPUs and R3010,
2010 FPAs.

Faster integer multiply and divide than standard R3000
TLB disable feature allowing a simple memory model for
Embedded Applications.

Programmable Tagbus width allowing reduced cost cache.
Hardware Support of Single- and Double-Precision Float-
ing Point Operations that include Add, Subtract, Multiply,
Divide, Comparisons, and Conversions.

Sustained Floating Point Performance of 11 MFlops single
precision LINPACK and 7.3 MFLOPS double precision
Supports Full Conformance Wlth IEEE 754-1985 Floating
Point Specification

64-bit FP operation using sixteen 64-bit data registers

IDT79R3500A PROCESSOR

CONTROL

| Master Pipeline/Bus Control |

CPO
FPA (System Control Coprocessor) @ cPU
U U U g 1
FPA Registers Exception/Control General Registers
Exponent Add Unit ogisters (32x32)
- ) Memory ALU
FPA Divide Unit Management Local :
FPA Multiply Unit Unit Registers Control Shifter
. Logic Integer
?:g'fggge" Multiplier/Divider
Buffer Address Adder
(64 entries) PC Increment/Mux
Virtual Page Number/ ! !
Virtual Address
1
J L N
TAG (20+4) [ | Data (32+4)
) ADDRESS (18)
RISCore and CEMOS are of | d Device Te gy, Inc.

2871 dw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

© 1990 Integrated Device Technology, Inc.
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IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILTARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION:

The IDT 79R3500A RISC Microprocessor consists of three
tightly-coupled processors integrated on a single chip. The
first processor is a full 32-bit CPU based on RISC (Reduced
Instruction Set Computer) principles to achieve a new stan-
dard of microprocessor performance. The second processor
is a system control coprocessor, called CPO, containing a
fully-associative 64 entry TLB (Translation Lookaside Buffer),
MMU (Memory Management Unit) and control registers, sup-
portinga 4 Gigabyte virtual memory subsystem, and aHarvard
Architecture Cache Controller achieving a bandwidth of 320
Mbytes/second using industry standard static RAMs. The
third processor is the Floating Point Accelerator which per-
forms arithmetic operations on values in floating-point repre-
sentations. This processor fully conforms to the requirements
of ANSI/IEEE Standard 754-1985, “IEEE Standard for Binary
Floating-Point Arithmetic.” In addition, the architecture fully
supports the standard’s recommendations.

The programmer model of this device will be the same as
the programmer model of a system which uses a discrete
79R3000 with the 79R3010: 32 integer registers, 16 floating
point registers; co-processor 0 registers; floating point status
and control register; RISC integer ALU; Integer Multiply and
Divide ALU; Floating Point Add/Subtract, Multiply, and Divide
ALUs. The device pipeline willbe the same as forthe 79R3000,
as will the co-processor 0 functionality. No new instructions
have beenintroduced. Pin compatibility extendsto AC and DC
characteristics, software execution and initialization mode
vector selection.

This data sheet provides an overview of the features and
architecture of the 79R3500A CPU, Revision 3.0. A more
detailed description of the operation of the device is incorpo-
rated in the “R3500A Family Hardware User Manual", and a
more detailed architectural overview is provided in the “mips
RISC Architecture” book, both available from IDT. Documen-
tation providing details of the software and development
environments supporting this processor are also available
from IDT.

IDT79R3500A CPU Registers
The IDT79R3500A CPU provides 32 general purpose 32-
. bit registers; a 32-bit Program Counter, and two 32-bit regis-
ters that hold the results of integer multiply and divide opera-
tions. Only two of the 32 general registers have a special
purpose: register r0 is hardwired to the value “0”, which is a
useful constant, and register r31 is used as the link register in
jump-and-link instructions (return address for subroutine calls).
The CPU registers are shown in Figure 2. Note that there
is no Program Status Word (PSW) register shown in this
figure: the functions traditionally provided by a PSW register
are instead provided in the Status and Cause registers incor-
porated within the System Control Coprocessor (CP0).

FPA REGISTERS

The |DT79R3010A FPA provides 32 general purpose 32-
bit registers, a Control/Status register, and a Revision Iden-
tification register.

Floating-pointcoprocessoroperations reference three types
of registers:
+ Floating-Point Control Registers (FCR)
« Floating-Point General Registers (FGR)
« Floating-Point Registers (FPR)

General Purpose Registers

31 0 Multiply/Divide Registers
0 31 0
el | HI |
r2 31 0

. | Lo |
.
Program Counter
r29 31 0
130 { PC |
r31

2871 orw 02
Figure 2. IDT79R3500A CPU Registers

Floating-Point General Registers (FGR)

There are 32 Floating-Point General Registers (FGR) on
the FPA. They represent directly-addressable 32-bit registers,
and can be accessed by Load, Store, or Move Operations.

Floating-Point Registers (FPR)

The 32 FGRs described in the preceding paragraph are
also used to form sixteen 64-bit Floating-Point Registers
(FPR). Pairs of general registers (FGRs), for example FGR0O
and FGR1 (refer to Figure 3) are physically combined to form
a single 64-bit FPR. The FPRs hold a value in either single- or
double-precision floating-point format. Double-precision for-
mat FPRs are formed from two adjacent FGRs.

Floating-Point Control Registers (FCR)

There are 2 Floating-Point Control Registers (FCR) on the
FPA. They can be accessed only by Move operations and
include the following:

+ Control/Status register, used to control and monitor excep-
tions, operating modes, and rounding modes;

+ Revision register, containing revision information about
the FPA.
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General Purg;)se Registers
(FGR/FPR)
63 32 31 0
FGR1 FGRO
Control/Status Reglster

FGR3 FGR2 31 0
FGRS FGR4 | Exceptions/Enables/Modes |

.

[ Implementation/Revision

° 31 Register 0
FGR27 FGR26 | |
FGR29 FGR28
FGR31 FGR30 2871 diw 03

Figure 3. FPA Registers

Instruction Set Overview

All IDT79R3500A instructions are 32 bits long, and there
are only three instruction formats. This approach simplifies
instruction decoding, thus minimizing instruction execution
time. The 79R3500A processor initiates a new instruction on
every run cycle, and is able to complete an instruction on
almost every clock cycle. The only exceptions are the Load
instructions and Branchinstructions, whicheach have asingle
cycle of latency associated with their execution. Note, how-
ever, that in the majority of cases the compilers are able to fill
these latency cycles with useful instructions which do not
require the result of the previous instruction. This effectively
eliminates these latency effects.

The actualinstruction set of the CPU was determined after
extensive simulations to determine which instructions should
be implemented in hardware, and which operations are best
synthesized in software from other basic instructions. This
methodology resulted in the R3500A having the highest
performance of any available microprocessor.

I-Type (Immediate)

31 26 25 21 20 16 15 0

| op rs n immediate —l

J-Type (Jump)

31 26 25 0

| op I target |

R-Type (Register) )

31 26 25 21 20 16 15 11 10 6 5 0 )
op s rt rd re l funct I

2871 drw 04

Figure 4. IDT79R3500A Instruction Formats

The IDT79R3500A instruction set can be divided into the
following groups:
- Load/Store instructions move data between memory and
generalregisters. They are all I-type instructions, since the
only addressing mode supported is base register plus 16-
bit, signed immediate offset.
The Load instruction has a single cycle of latency, which
means that the data being loaded is not available to the
instructionimmediately after the load instruction. The com-
piler will fill this delay slot with either an instruction which is
not dependent on the loaded data, or with a NOP instruc-
tion. There is no latency associated with the store instruc-
tion.
Loads and Stores can be performed on byte, half-word,
word, or unaligned word data (32 bit data not aligned on a
modulo-4 address). The CPU cache is constructed as a
write-through cache.
Computational instructions perform arithmetic, logical
and shift operations on values in registers. They occur in
both R-type (both operands and the result are registers)
and I-type (one operand is a 16-bitimmediate) formats. FP
computational instructions perform arithmetic operations
on floating point values in the FPA registers. Note that
computational instructions are three operand instructions;
that is, the result of the operation can be stored into a
different register than either of the two operands. This
means that operands need not be overwritten by arithmetic
operations. This results in a more efficient use of the large
register set. )
Converslon instructions perform conversion operations
on the floating point values in the FPA registers.
Compare intructions perform comparisons of the contents
of FPA registers and set a condition bit based on the
results. The result of the compare operations is tied directly
to Cp Cond (1) for software testing.
Jump and Branch instructions change the control flow of
aprogram. Jumps are always to a paged absolute address
formed by combining a 26-bit target with four bits of the
Program counter (J-type format, for subroutine calls), or
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oP Description OP Description
Load/Store Instructions Shift Instructions (Cont.)
LB Load Byte SRA Shift Right Arithmetic
LBU Load Byte Unsigned SLLV Shift Left Logical Variable
LH Load Halfword SRLV Shift Right Logical Variable
LHU Load Halfword Unsigned SRAV Shift Right Arithmetic Variable
w Load Word
LWL Load Word Left FPA Conversion Instructions
LWR Load Word Right CVT.S.imt Floating point Convert to Single FP
SB Store Byte CVT.D.fmt Floating point Convert to Double FP
SH Store Halfword CVT.W.imt Floating point Convert to fixed point
gm_ g:g:z ag:g Left MULT uullt.lplly/Divide Instructions
- ultiply
SWR Store Word Right MULTU Muttiply Unsigned
FPA Load/Store/Move Instructions DIV Divide
LWCH1 Load Word to FPA DIVU Divide Unsigned
SWC1 Store Word from FPA MFHI Mave From HI
MTC1 Move Word to FPA MTHI Move To Hi
MFCt Move Word from FPA MFLO Move From LO
CTC1 Move Contro! word to FPA MTLO Move To LO
CFC1 Move Control word from FPA Jump and Branch Instructions
Arithmetic Instructions J Jump .
(ALU Immediate) JAL Jump and Link
ADDI Add Immediate JR Jump to Register
ADDIU Add Immediate Unsigned JALR Jump and Link Register
SLTI Set on Less Than Immediate BEQ Branch on Equal
SLTIU Set on Less Than Immediate BNE Branch on Not Equal
Unsigned BLEZ Branch on Less than or Equal to Zero
ANDI AND Immediate BGTZ Branch on Greater Than Zero
ORI OR Immediate BLTZ Branch on Less Than Zero
XORI Exclusive OR Immediate BGEZ Branch on Greater than or
Lyl Load Upper Immediate Equal to Zero
BLTZAL Branch on Less Than Zero and Link
Arithmetic Instructions BGEZAL Branch on Greater than or Equal to
(3-operand, register-type) Zero and Link
ADD Add
ADDU Add Unsigned Special Instructions
SuB Subtract SYSCALL System Call
SuUBU Subtract Unsigned BREAK Break
T Seton Less Than Coprocessor Instructions
/S\hBU i'e\ltDo n Less Than Unsigned LWCZ Load Word from Coprocessor
OR OR SWCZ Store Word to Coprocessor
XOR Exclusive OR MTCZ Move To Coprocessor
NOR NOR MFCZ Move From Coprocessor
(31674 Move Control to Coprocessor
FPA Computational Instructions CFCZ Move Contro! From Coprocessor
ADD.fmt Floating point Add COPZ Coprocessor Operation
SUB.fmt Floating point Subtract BCZT Branch on Coprocessor z True
MUL.fmt Floating point Multiply BCZF Branch on Coprocessor z False
DIV.fmt Floating point Divide s
ABS.fmt Floating-point Absolute value ystem Control Coprocessor
MOV.fmt Floating point Move (CPO) Instructions
NEG.fmt Floating point Negate MTCO Move To CPO
MFCO Move From CP0
FPA Compare Instructions TLBR Read indexed TLB entry
C.cond.fmt Floating-point Compare TLBWI Write Indexed TLB entry
TLBWR Write Random TLB entry
Shift Instructions TLBP Probe TLB for matching entry
SLL Shift Left Logical RFE Restore From Exception
SAL Shift Right Logical
Table 1. IDT79R3500A Instruction Summary 2871 1ol 01
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32-bit register byte addresses (R-type, for returns and
dispaiches). Branches have 16-bit offsets relative to the
program counter (I-type). Jump and Link instructions save
areturn address in Register 31. The 79R3500A instruction
set features a number of branch conditions. Included s the
ability to compare a register to zero and branch, and also
the ability to branch based on a comparison between two
registers. Thus, net performance is increased since soft-
ware does not have to perform arithmetic instructions prior
to the branch to set up the branch conditions.
Coprocessor instructions perform operations in the
coprocessors. Coprocessor Loads and Stores are I-type.

« Coprocessor 0 instructions perform operations on the
System Control Coprocessor (CP0) registers to manipu-
late the memory management and exception handling
facilities of the processor.

= Special instructions perform a variety of tasks, including
movement of data between special and general registers,
system calls, and breakpoint. They are always R-type.

Table 1 lists the instruction set of the IDT79R3500A
processor.

IDT79R3500A System Control Coprocessor (CP0)

The IDT79R3500A can operate with up to four tightly-
coupled coprocessors (designated CPO through CP3). The
System Control Coprocessor (or CP0), is incorporated onthe
IDT79R3500A chip and supports the virtual memory system
and exception handling functions of the IDT79R3500A. The
virtual memory system is implemented using a Translation
Lookaside Buffer and a group of programmable registers as
shown in Figure 5.

System Control Coprocessor (CP0) Registers

The CPO registers shown in Figure 5 are used to control
the memory management and exception handling capabilities
of the IDT79R3500A. Table 2 provides a brief description of
each register.

Register Description

EntryHi { High half of a TLB entry

EntryLo | Low half of a TLB entry

Index Programmable pointer into TLB array
Random | Pseudo-random pointer into TLB array

Status Mode, interrupt enables, and diagnostic status info
Cause Indicates nature of last exception

EPC Exception Program Counter

Context | Pointer into kernel’s virtual Page Table Entry array
BadVA | Most recent bad virtual address

PRId Processor revision identification (Read only)

2871 ol 02
Table 2. System Control Coprocessor (CP0) Reglsters

SYSTEM COPROCESSOR

54

ENTRYHI | ENTRYLO INDEX
63
RANDOM
. / vv
8
7] NOT ACCESSED
BY RANDOM
0
[] Used with Virtual Memory System
Used with Exception Processing
2871 drw 05
Figure 5. The Sy Coprc Registers
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‘Memory Management System

The IDT79R3500A has an addressing range of 4 Gbytes.
However, since most IDT79R3500A systems implement a
physical memory smaller than 4Gbytes, the IDT79R3500A
provides for the logical expansion of memory space by trans-
lating addresses composed in a large virtual address space
into available physical memory address. Two TLB modes are
supported. Whenthe TLB s used, the 4 GByte address space
is divided into 2 GBytes which can be accessed by both the
users and the kernel, and 2 GBytes for the kernel only. Virtual
addresses within the kernel/user segment are translated to
physical addresses on a 4kB page basis. This mode is typical
of UNIX and other sophisticated operating systems. Whenthe
TLB is disabled, mapping is locked as 2 GBytes as kernel/
user, and 1.5 GBytes as kernel only. This mode requires no
TLB manipulation, provides large linear address space, and is
typical for embedded applications.

TLB (Translation Lookaside Buffer)

Virtual memory mapping is assisted by the Translation
Lookaside Bufter (TLB). The on-chip TLB provides very fast
virtual memory access and is well-matched to the require-
ments of multi-tasking operating systems. The fully-associa-
tive TLB contains 64 entries, each of which maps a 4-Kbyte
page, with controls for read/write access, cacheability, and
process identification. The TLB allows each userto access up
to 2 Gbytes of virtual address space.

Figure 6 illustrates the format of each TLB entry. The

Translation operation involves matching the current Process
ID (PID) and upper 20 bits of the address against PID and VPN
(Virtual Page Number) fields in the TLB. When both match (or
the TLB entry is Global), the VPN is replaced with the PFN
(Physical Frame Number) to form the physical address.

TLB misses are handled in software, with the entryto be re-
placed determined by as imple RANDOM function. The rou-
tine to process a TLB miss in the UNIX environment requires
only 10-12 cycles, which compares favorably with many CPUs
which perform the operation in hardware.

TLB Disabled Operation
Many embedded systems do not like the complexity or

uncertainty associated with the on-chip TLB. However, many
systems still desire the ability to implement a kernel/user
mode. Therefore, to implement a hierachical task model, the
TLB must be used. The IDTR3500A gives the system de-
signer one more option, allowing the TLB to be disabled and
performing a fixed mapping of virtual to physical addresses,
while maintaining separation of kernel and user resources.

The user may elect to disable the TLB through the reset
sectors. in this case, the mapping shown in Figure 8. is used,
and device power consumption is reduced. Note that
“cached" segments means that there is no mechanism to
exclude addresses in these regions from the cache.

This mapping means that applications designed to run in g

kseg0 and kseg1 (to avoid the TLB) can use the IDT3500A, i

disable the TLB to reduce power, and not have to change B

software to take advantage of this new feature.

TLB ENTRY FORMAT

63 44 43 38 37

32 31

12 11 10 9 8 7 [¢]

VPN TLBPID (¢]

PFN N|D|V ]G (0]

Y

ENTRYHI

v
ENTRYLO

VPN — Virtual Page Number
TLBPID — Process ID

PFN - Physical Frame Number
N — Non-cacheable flag

D — Dirty flag (Write protect)

V - Valid entry

fla

G — Global {lag (ignore PID)

O - Reserved

2871 drw 06

Figure 6. TLB Entry Format -
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MMU ADDRESS TRANSLATION
VIRTUAL — PHYSICAL

OXFFFFFFFF
KERNEL OXFFFFFFFF

MAPPED ANY
CACHEABLE

0xC0000000 (kseg2)
KERNEL

UNMAPPED
UNCACHED

0xA0000000 (kseg1)
KERNEL

UNMAPPED
CACHED

0x80000000 (kseg0)
Ox7FFFFFFF] 0x20000000

KERNEL/USER
MAoED 5\ ¥ oxtFFFFRRF

CACHEABLE MEMORY 512 MB
(kuseg)
0x00000000

PHYSICAL
MEMORY -~ 3584 MB

2871 drw 07

Figure 7. IDT79R3500A Virtual Address Mapping

MNU Address Translation
Virtual — Physical
(TLB Disabled)

Oxffffffff
Kernel Cached Kernel Cacheable 1024 MB
(kseg2) Tasks
0xc0000000
Kernel Uncached
0xa0000000 (kseg1) Kernel/User
Kernel Uncached Cacheable 2048 MB
0x80000000 (ksego) Tasks
User Cached Inaccessible 512MB
(kseg)
— L, Kernel Boot 512 MB
0x00000000 and /0

2871 drw 08
Figure 8. TBL Disabied Mapping

NOTE: This model is consistent with the mapping available in the IDT79R3051 family. The identical mapping provides software compatibility to the
lower cost CPUs.
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-Operating Modes
The IDT79R3500A has two operating modes: User mode

and Kernelmode. The IDT79R3500A normally operatesinthe

User mode until an exception is detected forcing it into the

Kernel mode. It remains in the Kernel mode until a Restore

From Exception (RFE) instruction is executed. The mannerin

which memory addresses are translated or mapped depends

on the operating mode of the IDT79R3500A. Figure 7 shows
the MMU translation performed for each of the operating
modes.

User Mode—in this mode, a single, uniformvirtual address
space (kuseg) of 2 Gbyte is available. When the TLB is used,
each virtual address is extended with a 6-bit process identifier
field to form unique virtual addresses. All references to this
segment are mapped through the TLB. Use of the cache for
up to 64 processes is determined by bit settings for each page
withinthe TLB entries. If the TLB is not used, these addresses
are translated to begin at 1Gbyte of the physical address
space.

Kernel Mode—four separate segments are defined in this
mode:

+ kuseg—when in the kernel mode, references to this seg-
ment are treated just like user mode references, thus
streamlining kernel access to user data.

« kseg0—references to this 512 Mbyte segment use cache
memory but are not mapped throughthe TLB. Instead, they
always map to the first 0.5 GBytes of physical address
space.

» ksegi—references to this 512 Mbyte segment are not
mapped through the TLB and do not use the cache.
Instead, they are hard-mapped into the same 0.5 GByte
segment of physical address space as kseg0.

« kseg2—when the TLB is not used, references to this
1Gbyte segment directly addresses the upper 1Gbyte of
physical address space. These addresses are defined to
be kernel mode which are cacheable. When the TLB is
used, referencesto this 1Gbyte segment are always mapped
through the TLB and use of the cache is determined by bit
settings within the TLB entry.

FPA COPROCESSOR OPERATION (CP1)

The FPA continually monitors the processor instruction
stream. If an instruction does not apply to the coprocessor, it
is ignored; if an instruction does apply to the coprocessor, the
FPA executes that instruction and transfers necessary result
and exception data synchronously to the main processor.

The FPA performs three types of operations:

» Loads and Stores;
* Moves;
= Two- and three-register floating-point operations.

Load, Store, and Move Operation

Load, Store, and Move operations data between memory
or the integer registers and the FPA registers. These opera-
tions perform no format conversions and cause no floating-
point exceptions. Load, Store, and Move operations reference
a single 32-bit word of either the Floating-Point General
Registers (FGR) orthe Floating-Point Control Registers (FCR).

Floating-Point Operations

The FPA supports the following single- and double-preci-
sion format floating-point operations:
« Add
» Subtract
+  Multiply
+ Divide
= Absolute Value
+ Move
» Negate
+ Compare

In addition, the FPA supports conversions between single-
and double-precision floating-point formats and fixed-point
formats.

The FPA incorporates separate Add/Subtract, Multiply,
and Divide units, each capable of independent and concurrent
operation. Thus, to achieve very high performance, floating
point divides can be overlapped with floating point multiplies
and floating point additions. These floating point operations
occur independently of the actions of the CPU, allowing
further overlap of integer and floating point operations. Figure
9 illustrates an example of the types of overlap permissible.

Exceptions

The FPA supports all five IEEE standard exceptions:
+ Invalid Operation
+ Inexact Operation
+ Division by Zero
+ Overflow
» Underflow

The FPA also suppoerts the optional, Unimplemented
Operation exception that allows unimplemented instructions
to trap to software emulation routines.

The FPA provides precise exception capability to the CPU;
that is, the execution of a floating point operation which
generates an exception causes that exception to occur at the
CPU instruction which caused the operation. This precise
exception capability is a requirement in applications and
languages which provide a mechanism for local software
exception handlers within software modules.

5.4




IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DIV.S |

MUL.S

T
STORE (SWCT) | |
NON FPU

J Only Load, Store, and Move operations
are permitted in FPA during these cycles.

STORE (SWC1
Other FPA instructions can proceed during ( )
these cycles. However, two multiply or two
divide operation cannot be overlapped.

l:l These cgcles are free for integer operations
in the CPU.

LOAD (LWCH)

STORE (SWCH1)

7

=

Figure 9. Examples of Overlapping Floating Point Operation

F | =D AU | MEM wB FWB
| l-Calche [rRF] or D-Cache F“”?L%Ee%ﬁ%s FoWB_|
— .
One Cycle FP ops only
2871 dw 10
, Figure 10. Instruction Execution
Lu: t RD IALUlMEMI ws [*Fws
| IF | RD IALU lMEM WB ‘FWBI
UF | RD IALU MEM wB I'FWBl
I IF ] RD | ALU MEMl wB l‘FWBl
Inelterion | F | RD | ALU |MEM| WB I’FWBl
RD |ALU |MEM| wB I'FWBI

2871 drw 11

Figure 11. IDT79R3500A Execution Sequence
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IDT79R3500 PIPELINE ARCHITECTURE
The execution of a single IDT79R3500A integer instruction

consists of five pipe stages while floating point instruction

takes six pipe stages. They are:

1) IF—Instructionfetch. The processorcalculatesthemstruc-
tion address required to read from the | cache.

2) RD—The instruction is present on the data bus during
phase one of this pipe stage. Instruction decode occurs
during phase two. Operands are read from the registers if
required.

3 ALU—Perform the required operation on instruction oper-
ands. If this is a FPA instruction, instruction execution
commences.

4) MEM—Access memory. If the instructionis a load or store,
the data is presented or captured during phase 2 of this
pipe stage.

5) WB—Write integer results back into register file. ln FPA
cycles this pipe stage is used for exceptions.

6) FWB—The FPA uses this stage to write back ALU results
to its register file.

Each of these steps requires approximately one FPA cycle
as shownin Figure 10. (parts of some operations spilloverinto
another cycle while other operations require only 1/2 cycle.)

The CPU uses a five stage pipeline while while the FPA
uses a 6 stage to achieve an instruction execution rate
approaching one instruction per cycle. Thus, execution of six
instructions at a time are overlapped as shown in Figure 11.

This pipeline operates efficiently because different CPU
resources (address and data bus accesses, ALU operations,
register accesses, and so on) are utilized on a non-interfering
basis.

MEMORY SYSTEM HIERARCHY

The high performance capabilities of the IDT79R3500A
processor demand system configurations incorporating tech-
niques frequently employed in large, mainframe computers
but seldom encountered in systems based on more traditional
microprocessors.

Aprimary goal of systems employing RISC techniquesisto
minimize the average number of cycles each instruction
requires for execution. Techniques to reduce cycles-per-
instruction include a compact and uniform instruction set, a
deep instruction pipeline (as described above), and utilization
of optimizing compilers. Many of the advantages obtained
from these techniques can, however, be negated by an
inefficient memory system.

Figure 12 illustrates memory in a simple microprocessor
system. Inthis system, the CPU outputs addresses to memory
andreads instructions and data from memory orwrites data to
memory. The address space is completely undifferentiated:
instructions, data, and I/0 devices are all treated the same. In
such a system, a primary limiting performance factor is
memory bandwidth.

Microprocessor
(CPU)

Address

U

2871 drw 12

Data

I

Memory
(and 1/O)

Figure 12. A Simple Microprocessor Memory System

Figure 13 illustrates a memory system that supports the
significantly greater memory bandwidth required to take full
advantage of the IDT79R3500A’s performance capabilities.
The key features of this system are:

IDT79R3500A
Microprocessor
Data Address
Instruction
Cache
Data
Cache
Write
Buffer
—— ] L
A4 7/
Data Address
Main Memory
2871dw 13

Figure 13. An IDT79R3500A System with a
" High-Performance Memory System

5.4
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External Cache Memory—Local, high-speed memory
(called cache memory) is usedto hold instructions and data
that is repetitively accessed by the CPU (for example,
within a program loop) and thus reduces the number of
references that must be made to the slower-speed main
memory. Some microprocessors provide a limited amount
of cache memory on the CPU chip itself. The external
caches supported by the IDT79R3500A can be much
larger; while a small cache can improve performance of
some programs, significantimprovements for awide range
of programs require large caches.

Separate Caches for Data and Instructions—Even with
high-speed caches, memory speed can still be a limiting
factor because of the fast cycle time of a high-performance
microprocessor. The IDT79R3500A supports separate
caches for instructions and data and alternates accesses
of the two caches during each CPU cycle. Thus, the
processor canobtain data and instructions at the cycle rate
of the CPU using caches constructed with commercially
available IDT static RAM devices. )

In order to maximize bandwidth inthe cache while minimiz-
ing the requirement for SRAM access speed, the R3500A
divides a single-processor clock cycle into two phases.
During one phase, the address for the data cache access
is presented while data previously addressed in the in-
struction cache is read; during the next phase, the data
operation is completed while the instruction cache is being
addressed. Thus, both caches are read in a single proces-
sor cycle using only one set of address and data pins.
Write Buffer—in orderto ensure data consistency, alldata
that is written to the data cache must also be written out to
main memory. The cache write model used by the
IDT79R3500A is that of a write-through cache; that is, all
datawritten by the CPU isimmediately writteninto the main
memory. To relieve the CPU of this responsibility (and the
inherent performance burden) the IDT79R3500A supports
aninterface to a write buffer. The IDT79R3020 Write Buffer
captures data (and associated addresses) output by the
CPU and ensures that the data is passed on to main
memory.

IDT79R3500A Processor Subsystem Interfaces

Figure 14 illustrates the three subsystem interfaces pro-

vided by the IDT79R3500A processor:

Cache control interface (on-chip) for separate data and
instructioncaches permits implementation of off-chip caches
using standard IDT SRAM devices. The 79R3500A directly
controls the cache memory with a minimum of external
components. Both the instruction and data cache can vary
from 0 to 256K Bytes (64K entries). The 79R3500A also
includes the TAG contro! logic which determines whether
ornotthe entry read fromthe cache isthe desired data. The
79R3500A cache controller implements a direct mapped
cache for high net performance (bandwidth). It has the

ability to refill multiple words when a cache miss occurs,
thus reducing the effective miss rate to less than 2% for
large caches. When a cache miss occurs, the 79R3500A
can support refilling the cache in 1, 4, 8, 16, or 32 word
blocks to minimize the effective penalty of having to access
main memory. The 79R3500A also incorporates the ability
to perform instruction streaming; while the cache is refill-
ing, the processor can resume execution once the missed
word is obtained from main memory. In this way, the
processor can continue to execute concurrently with the
cache block refill.

Memory controller interface for system (main) memory.
This interface also includes the logic and signals to allow
operation with a write buffer to further improve memory
bandwidth. In additionto the standard full word access, the
memory controller supports the ability to write bytes and
half-words by using partial word operations. The memory
controller also supports the ability to retry memory ac-
cesses if, for example, the data returned from memory is
invalid and a bus error needs to be signalled.

. Coprocessor Interface—The IDT79R3500 features aset

of on board tightly coupled coprocessors. Coprocessor 0 is
defined to be the system control coprocessor and
Coprocessor 1isthe Floating Point Accelerator. They have
direct access to the internal data bus which allows them
direct load and store of data in the same fashicn as
accessing the CPU registers. This relieves the typical
bottleneck of having to load data into the CPU register set
and then passing that data off to the co-processors.

In applications where the FPA was off chip, as in using the
IDT79R3010A several control pins were used for commu-
nications withthe CPU and a Phase Lock Loopwas located
on the IDT79R3010A to synchronize the two together. As
they are now integrated into a single chip, these are no
longer needed. The FpCond output, which is used in
coprocessor branch instructions, is now internally tied to
the CpCond(1) input of the CPU leaving the external
CpCond(1) pin available for another function. This signal is
selectable to either output the FpBusy or the FPInt. For
applications where FPInt was connected to any one of the
six CPU HW interrupt inputs, that can also be internally
routed-the default being Int(3), as recommended by the
MIPS architecture. If FPInt is internally routed, the external
interrupt input corresponding to the FP interrupt is ignored.

~ Internal routing of these selections are made via the reset

vector.

The internal CPBusy input, which is used to stall the CPU
if the coprocessor needs to hold off subsequent opera-
tions, has two sources-FPBusy and the external CpBusy
pin which are logically ORed together. Further, Run and
Exception of both the FPA and CPU are internally tied and
brought out with the external CPBusy input to accommo-
date off chip coprocessor 2 and 3. This external interface
is available to support application specific functions.

5.4
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MULTIPROCESSING SUPPORT

The IDT79R3500A supports multiprocessing applications
in a simple but effective way. Multiprocessing applications
require cache coherency across the multiple processors. The
IDT79R3500A offers two signals to support cache coherency:
the first, MPStall, stalls the processor within two cycles of
being received and keeps it from accessing the cache. This
allows an external agent to snoop into the processor data
cache. The second signal, MPInvalidate, causes the proces-
sor to write data on the data cache bus which indicates the
externally addressed cache entry is invalid. Thus, a subse-
quent accessto thatlocation would result in a cache miss, and
the data would be obtained from main memory.

The two MP signals would be generated by a external logic
which utilizes a secondary cache to perform bus snooping
functions. The 79R3500A does not impose an architecture for
this secondary cache, but rather is flexible enough to support
avariety of application specific architectures and still maintain
cache coherency. Further, there is no impact on designs
which do not require this feature. The 79R3500A further
allows the use of cache RAMs with internal address latches
in multiprocessor systems.

ADVANCED FEATURES

The IDT79R3500A offers a number of additional features
such as the ability to swap the instruction and data caches,
facilitating diagnostics and cache flushing. Another feature
isolates the, caches, which forces cache hits to occur regard-
less of the contents of the tag fields. The IDT79R3500A allows
the processor to execute user tasks of the opposite byte
ordering (endianness) of the operating system, has double the
integer multiply/divide performance of R3000 and R2000, has
a programmable Tag width bus, and further allows parity
checkingto be disabled. More details onthese features canbe
found in the IDT79R3500 Family Hardware User's Manual.

Further features of the IDT79R3500A are configured dur-
ing the last four cycles prior to the negation of the RESET
input. These functions include the ability to select cache sizes
and cache refill block sizes; the ability to utilize the multipro-
cessor interface; whether or not instruction streaming is
enabled; whether byte ordering follows “Big-Endian” or “Little-
Endian” protocols, etc. Table 3 shows the configurationoptions
selected at Reset. These are further discussed in the “Hard-
ware User's Manual”.

BACKWARD COMPATIBILITY

The primary goal of the 79R3500A is the ability to replace
the R3000 and R3010 with a single chip solution. This can be
done eitherthe R3000/R3010 orthe R3000A/R3010A as well.
The pinout of the IDT79R3500A has been selected to ensure
this compatibility, with new functions mapped onto previously
used pins. The instruction set is compatible with that of the
R2000 atthe binary level. As aresult, code writtenforthe older
processor can be executed.

In most R3000A applications, the IDT79R3500 can be
placed in the socket with no modification to initialization
settings. Additionally, the IDT79R3500 can be used in sys-
tems that did not include the R3010 in the original design.
Further application assistance on these topics are available
from IDT. ‘

PACKAGE THERMAL SPECIFICATIONS

The IDT79R3500A utilizes special packaging techniques
to improve both the thermal and electrical characteristics of
the microprocessor.

In order to improve the electrical characteristics of the
device, the package is constructed using multiple signal
planes, including individual power planes and ground planes
to reduce noise associated with high-frequency TTL parts. In
addition, the 175-pin PGA package utilizes extra power and
ground pins to reduce the inductance from the internal power
planes to the power planes of the PC Board.

In order to improve the electrical characteristics of the
microprocessor, the device is housed using cavity down
packaging. in addition, these packages incorporate a copper-
tungsten thermal slug designed to efficiently transfer heat
from the die to the case of the package, and thus effectively
lower the thermal resistance of the package. The use of an
additional external heat sink affixed to the package thermal

slug further decreases the effective thermal resistance of the
package. )
The case temperature may be measured in any environ-

ment to determine whether the device is within the specified
operating range. The case temperature should be measured
at the center of the top surface opposite the package cavity
(the package cavity is the side where the package lid is
mounted).

The equivalent allowable ambient temperature, TA, canbe
calculated using the thermal resistance from case to ambient
(Dca) for the given package. The following equation relates
ambient and case temperature:

TA =Tc- P*@ca

where P is the maximum powerconsumption, calculated by
using the maximum Icc from the DC Electrical Characteristics
section.

Typical values for @ca at various airflows are shown in
table 2 for the various CPU packages.

5.4

Airflow - (ft/min)
0 200 | 400 | 600 | 800 | 1000
@ca (175-PGA, 21 7 3 2 1 0.5
144-PGA)
@ca (172 Quad 23 9 4 3 25 1.5
Flatpack)
2871 tol 03
Table 2. R3500A Package Characteristics
12



IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Input W Cycle X Cycle Y Cycle Z Cycle
@ DBIkSize0 DBIkSize1 Extend Cache Big Endian
Int1 IBIkSize0 IBlkSize1 MPAdrDisable TriState
int2 DispPar/RevEnd IStream IgnoreParity NoCache
Int3 Reserved(!) StorePartial MuttiProcessor BusDriveOn
Int4 FPINT decode FPINT decode FPINT decode FPINT onto CpCond
Int5 7RR3500 mode TLB disable Tag Mode 1 Tag Mode 0
NOTES: . " 2871 tol 04
1. Reserved entries must be driven high. .
2. These values must be driven stable throughout the enfire RESET period.
Table 3. R3500A Mode Selectable Features
Data Bus Data Bus Da_‘ta us
( Tag Bus Tag Bus
— 1 [ [(AdiLoBus Adrlo Bus
N\Z | | N\NZ
Tag Adrlo Data
TagV DataP
: TagP
Trans- Trans-
parent fe— ICKk DClk |—» parent
Latch Latch
IDT79R3500A Processor ' ! .
AVARA VA with System Control N N2
Data Tag IAdr Coprocessor DAdr Tag Data
[15:2] [15:2]
Instruction — __ . Data
Cache + OE [«— IRd DRd |—» OE Cache
WE fe—] IWr DWr |[— WE
{ Clk2xSys (¢—] \L
\VAVAVS _ Clk2xSmp je— Clocks . 2
XEn - CkaRd fe— ﬂ
SysOut Clk2xPhi fe—
AccTy(2:0) Reset [¢—o
MemRd CTpSync
Memory g
Interface MemWr Run Coprocessors
RdBusy "Exc
WrBusy CpBusy |e
CpCond(0) CpCond[2:3]
BusError Int[5:0]
: L |
) Hardware
Interrupts 2671 dw 14
Figure 14. IDT79R3500A Subsystem Interfaces Example; 64 KB Caches
5.4 13



IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION
geggerevoar-g o ge g
B Y ErEERNEY000E000000000000 508883855958 33
@ © SESE552%
E8338888335358885888555388888855555588585¢8¢
4“ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl_lﬂlmﬂﬂﬂﬂﬂ|-|ﬂﬂﬂ|_||-|ﬂﬂﬂﬂﬂlmlmﬂHﬂﬂ
Data21 43 %
Daiazt 87 =1 AdiLo2
Data24 =hvive
Data25 T} = e
e — 3 AdrloS
Dataat ] =hvipe
DataP3 ] Shvivd
Data27 ] =
Data28 ] i
= —3 AdrLo10
S F— AdrLot1
Do = ! 3 AdrLo12
e . [ AdrLo13
== ) AdiLota
= ) vee
= — vee
Clk2xSmp ] — &
smp = GND
veo — 5 GND
e= 1 vee
GND £ = e
GND ] — Voo
= F vee
vee . = Ve
vee . = o
= 1 AdrLo15
GND F—1 CpCondo
Clk2xSys ] [ CpCond1
s ~ £ Resvdt
L= 1 GND
DR ] — GND
oW — 1 AdrLo16
— 1 AdrLo17
vee =
ClkexRd =
BysOut T =g
DCk =
ICk =
= ) s
= —3 CpBusy
DIW_narz — 3 WrBusy
e — RdBusy
ME—W'E:nWr = [ BusError
12 129 [ Reset
JTIOTITIOTOTIOT 00T DU STy OUy D0 OUun o0
s 25857298802288855,2258522285859 552258823
i3 §EgtRREEEEO0E FROOF>FO0O> =" REFFFERREEE
o
2871dw 15

172-Pin Flatpack (Top View)

NOTES:
; Ejserved pins must be connected.
8 rLo 16 and 17 are multifunction pins which are controlled b i i i {
Ao 16: WP Imealiate, SpCond 1:(>2). ntrolled by mode select programming on interrupt pins at reset time
AdrLo 17: MP Stall, CpCond (3).

5.4
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IDT79R3500A RISCore™ RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

1 2 3 4 5 6 7 8 9 10 1. 12 13 14 15
(No | AdrLo | AdrLo | AdrLo AdrLo | AdrLo [CpCond Adrlo | Adrlo | Taeay | Tniey | Wr | Reset
Al pin . it b vee [ Ady bt o % 99° | @) | niE) Busy Reset | vcc

AdrLo | DRaz | AdrLo | Adrlo | Adrlo | JRgz | AdrLo [CpCond Trt 3 | Truay Cp Bus | Dwr2
B 3 DRd2 A 2 1Rd2 13 : Int(1) [ InY(3) Busy | Error pWrz Tagi2 Tagjs

c Adofm Ad;'—° vce Adé'-° Adé“’ GND | GND | vce | Tnto) | Tnx@) Bﬁgy GND | Tag13 | TagP0 | Tag18

D Dﬁ“a Adilo] GND | GND | VEC | GND | VCC | GND | VCC | GND | VCC | GND | Tagt4 | Tagt? | Tagte

e Daorap Dgta Ad1rL0 vce VCC | Tag16 | Tag20 | vCC
g | vec Dg/!a Dg‘a GND GND | GND | Tag21 | Tag23
G Dg’a Dg'a GND | vee VCC | GND | Tag22 | TagP1
H ng Dgta Dgla GND GND | VCC | Tag25 | Tag24
J nga Da;a" Dam | vee vee | Tag2s | Tag2s [ Tages
K Dflga Dﬁa GND | GND GND | GND | TagP2 | Tag27
L | vee Df;a 037'6 vee vee T’;;Cz Tag31 | Tago

m | Daa | Daia | DaiaP| gNp | vce | GND | VCC | GND | VeC | GND | VCC | GND | GND T’ﬁ vee

N "ya 18 19 24

Data | Data | Data | gnp | Data DaaTaP vee | vee | GND | GND | DRat MW%”‘ Mem | Run | Tagv

Data | Data | wrs | Data | Data | Data | %gn | Data | Clkax | Clkx Wi | Cp | Acc
p | P& 2 | wiz | Dat o | XEn | DR | Qx| Ggax | poik | TRdi | i S_P_ync Typo

Vi Data | Data | Data | Data Data | Excep-| Clk2x | Clk2x |SysOut 1CIk Wri | vCC
Q| VeC | T S5 | s | e | ONO | 59t | Then | i | smp |SYSOU| vee pwr

2871drw 16

175-Pin PGA (Top View)

NOTE:

1. Adrlo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time
Adrlo 16: MP Invalidate, CpCond (2).
AdrLo 17: MP Stall, CpCond (3).

5.4 15



IDT79R3500A RISCore™ RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
AdrlLo | AdrLo | AdrLo AdrLo | AdrLo |CpCond Adrlo | Adrlo | Trii3y | Tt Wr | Reset
A | vcc 6 10 11 VvCC 14 15 o 16 17 Int(2) | Iny5) Busy Reset | VCC
AdrLo | DRaa | AdrLo | Adrlo | Adrlo | TRg3 | AdrLo |CpCond Tt T | T | CP | Bus | Dwis Tagis
B | "5 | DRd2 | 55 9 12 13 1 (1) | 43} gy | Error 2 | Tagi2 | Tag!

c A"(;'—° Adl;'-° vce Adg'-" Adél-" GND | GND | vee | Tni@) | (@) | R | GND | Tag13 | TagPo | Tagis

Busy
D Djta Ad,‘;'-O GND | GND Tagl4 | Tag17 | Tag1e
E DaéaP Dgta Ad1rLo Tag16 | Tag20 | VCC
g | Vee De_;la Dgla GND | Tag21 | Tag23
G Dgla Dg‘a GND GND | Tag22 | TagP1
H tha Dgta D:;!a VCC | Tag25 | Tag24
J nga D:.\;AP ng Tag28 | Tag23 | Tag26
K D1asta Dﬁa GND GND | TagP2 | Tag27
L | voc | Daa | Daia : TAy%cz Tag31 | Tag30
M D1a:;a D1asta DaéaP GND 1{;‘;‘:1 vce
N 0184'3 Dféa nga GND D;Ia Daéap vcc | vec | GND | GND | DRat @ @“ Run | TagV

C Data | Data | Data | Data Data |Excep-| Cik2x | Clk2x | SysOut ick | Dwrt | vee
Qi Vee | B s | ar | e | OO | 07 | Tiem | Phi | smp |SYSOU| vee Dwri

2871drw 17

144-Pin PGA (Top View)

NOTE:

1. AdrLo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time
AdrLo 16: MP Invalidate, CpCond (2).
AdrLo 17: MP Stall, CpCond (3).

54 16



IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS
Pin Name Vo Description
Data (0-31) VO | A 32-bit bus used for all instruction and data transmission among the processor, caches, memory interface, and

COpProcassors.

DataP (0-3) /O | A 4-bit bus containing even parity over the data bus.

Tag (12-31) /O | A20-bitbus used fortransferring cache tags and high addresses between the processor, caches, and memory interface.

TagV VO | The tag validity indicator.

Tag P (0-2) VO | A 3-bit bus containing even parity over the concatenation of TagV and Tag.

AdrLo (0-17) | O | An18-bitbuscontainingbyte addresses usedfortransferring low addresses fromthe processortothe caches and memory
interface. (AdrLo 16: CpCond (2), AdrLo 17: CpCond (3) set by reset initialization).

IRd1 O | Read enable for the instruction cache.

IWr1 O | Wirite enable for the instructon cache.

IRd2 O | Anidentical copy of IRd1 used to split the load.

IWr2 O | Anidentical copy of IWr1 used to split the load.

IClk O | Theinstruction cache address latch clock. This clock runs continuously.

DRd1 O | The read enable for the data cache.

DWr1 O | The write enable for the data cache.

DRd2 O | Anidentical copy of DRd1 used to split the load.

DWr2 O | Anidentical copy of DWr1 used to split the load.

DCIk O | The data cache address latch clock. This clock runs continuously.

XEn O | Theread enable for the Read Buffer.

AccTyp(0-2) O | A3-bitbus usedto indicate the size of data being transferred on the data bus, whether or not a data transfer is occurring,
and the purpose of the transfer.

MemWr O | Signals the occurrence of a main memory write.

MemRd O | Signals the occurrence of a main memory read.

BusError | Signals the occurrence of a bus error during a main memory read or write.

Run O | Indicates whetherthe processoris inthe RUN or STALL state. In the discrete design, the R3000 Run output is tied directly
tothe R3010 Runinput. inthe 79R3500, this is done internally, but the Run signal is also brought out for application specific
COPrOCessors.

Exception O | Indicates that the instruction that is about to commit to a state change should be aborted; also indicates other exception
relatedinformation. Inthe discrete design, the R3000 Exception outputistied tothe R3010 Exceptioninput. Inthe 79R3500
this is done internally, but the Exception signal is also brought out for application specific coprocessors.

CpSync O | Aclock which is identical to SysOut and used by external coprocessors for timing synchronization with the 79R3500. In
the discrete design, CpSync output from the R3000 is tied to the R3010 FPSync input. In the 79R3500, this is done
internally, but the CpSync signal is also brought out for application specific coprocessors.

RdBusy I ] The main memory read stall termination signal. In most system designs RdBusy is normally asserted and is deasserted
only to indicate the successful completion of a memory read. RdBusy is sampled by the processor only during memory
read stalls.

WrBusy I | The main memory write stall initiationftermination signal.

CpBusy 1 | Input used toindicate that the requested coprocessor resource is unavailable, or used to preserve the precise exception
model. In the descrete design, CpBusy is driven directly by the R3010 FpBusy output. In the 79R3500 the CpBusy input
of the CPU is the logical OR of both the internal FPA FpBusy and the external CpBusy pin. This input is provided for
external application specific coprocessors. An internal pull down resistor is provided if this input is left open.

CpCond(1) I | Signalused bythe branch on Coprocessor 1 true/false instruction. Indiscrete systems using a R3010 FPA, this is normally
tied to the FpCond output. In the 79R3500, the internal FpCond is directly tied to the internal CpCond(1) input leaving this
pin available for other functions. This pin defaults to output the FpBusy internal signal or, (via the Reset vectors), output the
FPint—in the latter case, external hardware must route this signal to the appropriate Int pin.

CpCond {0,2-3)] | | Conditional branch status from coprocessors to the processor. Function is provided on AdrLo 16/17 pins and is selected
at reset time.

MPStall I | Muttiprocessing Stall. Signalstothe processorthat it should stall accesses tothe caches in a multiprocessing environment.
This is physically the same pin as CpCond3; its use is determined at RESET inttialization.

MPInvalidate I | Multiprocessing Invalidate. Signalstothe processorthat it should issue invalidate data on the cache databus. The address
to be invalidated is externally provided. This is the same pin as CpCond?; its use is determined at RESET initialization.

Int (0-5) | | A6-bitbus usedby the memory interface and coprocessors to signal maskable interrupts to the 79R3500. This busis also

used at reset time to select among the mode-selectable features of the 79R3500. The FPA FPInt output signal is typically
connectedto one ofthese interrupt lines; the choice is programmable through the reset vectors with the default being Int(3).

5.4 17



IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS (Continued)

Pin Name | /O Description

Clk2xSys I | The master double frequency input clock used for generating SysOut.

Clk2xSmp I | Adouble frequency clock input used to determine the sample point for data coming into the processor and
COProcessors.

Clk2xRd I | Adouble frequency clock input used to determine the enable time of the cache RAMs.

Clk2xPhi 1 | Adouble frequency clock input used to determine the position of the internal phases, phase1 and phase?2.

Reset I | Synchronous initialization input used to force execution starting from the reset memory address. Reset must be
deasseted synchronously but asserted asynchronously. The deassertion of Reset must be synchronized by the
leading edge of SysOut.

2871 tbl 05

ABSOLUTE MAXIMUM RATINGS(" 3 RECOMMENDED OPERATING
Symbol Rating Commercial Military _ {Unit TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage | -0.5t0 +7.0 | -0.5t0 +7.0| V Grade Temperature GND Vce
with Respect Military 55°Cto +125°C | 0OV 5.0 +10%
to GND 16-33 MHZ (Case)
TA, Tc | Operating 0to+70% | -55t0+125| °C -
Temperature (Ambient) (Case) Commercial 0°Cto 4.-70°C ov 5.0 5%
0 to +90 16-33 MHz (Ambicnt)
(Case) Commercial 0°C to +90°C ov 5.0 £5%
Teias | Case Temperature|-55to +125* | -85 to +135 | °C 37-40 MHz " (Case)
Under Bias 0 to +90¢® 2871 tbl 08
TsTG Storage -55t0+125 | -65t0 +155 | °C
Temperature
IN Input Voltage -0.5t0+7.0 | -0.5t0+7.0| V OUTPUT LOADING FOR AC TESTING
2871 1ol 06
NOTE:
1. Stressesgreater thanthose listedunder ABSOLUTE MAXIMUM RATINGS
may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions
above those indicatedin the operational sections of this specificationis not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.
2. VIN minimum =-3.0V for pulse width less than 15ns. VREF To Device
VIN should not exceed Vce +0.5 Volts. 5V Under Test

3. Notmorethan one outputshouldbe shortedatatime. Duration of the short

should not exceed 30 seconds.

4. 16-33 MHz only.
5. 37-40 MHz only.

I 25pF

-4mA
AC TEST CONDITIONS 2871 drw 18
Symbol Parameter Min. Max. Unit
VH Input HIGH Voltage 3.0 — \
ViL Input LOW Voltage — 0.4 \'
ViHs Input HIGH Voltage 35 — '
ViLs Input LOW Voltage — 0.4 \
2871t 07
5.4 18




IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS—
COMMERCIAL TEMPERATURE RANGE (TA = 0°C to +70°C, VCC = +5.0V +5%)

79R3500A 79R3500AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Min. { Max. | Min. {Max. | Min. | Max. | Min. | Max. [Unit
VoH Output HIGH Voltage vece = Min,, IoH = -4mA 3.5 — | 35§ — | 85 — | 85 |4 )
VoL Output LOW Voltage Vce = Min., loL = 4mA — 0.4 — 0.4 — 0.4 \
VoHc | Output HIGH Voltage? | Vce = Min,, loH = -4mA 40| — 40| — a0 | — v
VOHT Output HIGH Voltage(4-€) | Vce = Min., loH = -8mA 24 | — | 24 — | 24 — |V
VoLT | Output LOW Voltagef4®) | Vce = Min., loL = 8mA — | o8| — | 08| — 08 | Vv
VIH Input HIGH Voltage(® 20 | — | 20 | — 20 — |V
Vi Input LOW Voltage(!) — | o8] — | o8, — | o8 |V
VIHS Input HIGH Voltage(@:5) 30| — | 30 - — |80 — |V
ViLs Input LOW Voltage(12) — | 04| — 04 | — |04 |V
CIN Input Capacitance(®) — | 10 — 10 | — | 10 | pF
Cout | Output Capacitance(®) — 10 10 | — 10 | — 10 | pF
Icc Operating Current Vce = 5V, TA = 70°C 550 | — 650 | — | 750 | mA
IH Input HIGH Leakage(® VIH = VCC 100 | — | 100 | — | 100 | pA
I Input LOW Leakage(® ViL = GND -100 — |-100] — |-100 | — |pA
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100 | 100 | -100 | 100 | -100 | 100 | -100 | 100 | pA
2871 tbf 09
NOTES:

1.

2
3.
4

~No o,

to give the designer further information about these specific signals.

. VIH should not be held above Vcc + 0.5 volts.
. Guaranteed by design.
. Vowc applies to RUN and Exception.

ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below -0.5 Volts for larger periods.
. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.
These parameters do not apply to the clock inputs.
. VoHT and VoLT apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are provided

5.4

19



IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS—

MILITARY TEMPERATURE RANGE (Tc = -55°C to +125°C, VCC = +5.0V £10%)

79R3500A 79R3500AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Min. | Max. | Min. [Max. | Min. | Max. | Min. | Max. |Unit
VOH Output HIGH Voltage vecce = Min., [oH = -4mA 3.5 — | 35 — 3.5 — | 35 — \"
VoL Output LOW Voltage Ve = Min,, oL = 4mA — 0.4 — 0.4 — 0.4 04 | V
VoHc | Output HIGH Voltage(? Vee = Min., IoH = -4mA 40 | — (40 | — |40 | — — |V
VOHT Output HIGH Voltage*® | Vcc = Min., loH = -8mA 24 — | 24 — | 24 —]v
voLt Output LOW Voltagel48) | Vcc = Min., loL = 8mA — | o8] — | 08| — — o8 |V
VIH Input HIGH Voltage(® 20| — | 20| — 20 [ — |V
ViL Input LOW Voltage() — | o8| — 08| — jo8 |V
VIHS Input HIGH Voltage(2) 30 | — | 30 — |80 | — [V
ViLs Input LOW Voltage(1:2) 04| — — | 04| — |04 |V
CiN Input Capacitance(6) — 10 | — 10 | pF
Cout | Output Capacitance(® — 10 | — | 10 | pF
lcc Operating Current vee =5V, Ta = 70°C — 650 | — 750 | mA
IH Input HIGH Leakage® ViH = VCC — | 100 | — [ 100 | pA
I Input LOW Leakage(® ViL = GND -10 100 | — [-100| — [|pA
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100 J 100 | -100 | 100 | -100 | 100 | -100 | 100 | pA B
2871 tbl 10
NOTES:

1.

2
3.
4

S
6.
7

to give the designer further information akbout these specific signals.

. ViH should not be held above Vcc + 0.5 volts.
Guaranteed by design.
. Vorc applies to RUN and Exception.

ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below -0.5 Volts for larger periods.
. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Cik2xRd, Clk2xPhi, CpBusy, and Reset.
These parameters do not apply to the clock inputs.
. VoHT and VoLT apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VOHT and VoLT are provided

5.4
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IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS—

COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, VcC = +5.0V +5%)

79R3500AE
37.0MHz 40.0MHz

Symbol Parameter - Test Conditions Min. Max. Min. Max. Unit
VoH Output HIGH Voltage vee = Min., IoH = -4mA 35 — 35 — \
VoL Output LOW Voltage vee = Min,, loL = 4mA v
VoHc | Output HIGH Voltage(”) vee = Min., IoH = -4mA v
VoHT Output HIGH Voltage(4®) | Vce = Min., IoH = -8mA v
voir Output LOW Voltage(8) | Vce = Min., loL = 8mA v
VIH Input HIGH Voltage(®) v
ViL Input LOW Voltage(") v
VIHS Input HIGH Voltage(2:5) v
ViLs Input LOW Voltage(!-2) v
CIN Input Capacitance(®) pF
Cout | Output Capacitance(®) pF
Icc Operating Current vec =5V, Ta = 70°C mA
IH Input HIGH Leakage(® VIH = VCC pA
L Input LOW Leakage(® ViL = GND RA
loz Output Tri-state Leakage - | VoH = VCC, VoL = GND -100 100 -100 100 pA

NOTES: 2871 tbl 11

1. ViL Min. = -3.0V for pulse width less than 15ns. Vit should not fall below -0.5 Volts for larger periods.

2. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

3. These parameters do not apply to the clock inputs.

4. VoHT and VoLT apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are provided

to give the designer further information about these specific signals.

5. ViH should not be held above Vcc + 0.5 volts.

6. Guaranteed by design.

7. Voxc applies to RUN and Exception.
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IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:23)—

COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VCC = +5.0V +5%)

79R3500A 79R3500AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.{ Unit
Clock
Tckigh) Input Clock High(@) Note 7 1256 — |10 | — 8 ns
TekLow | Input Clock Low(® Note 7 125 | — | 10 | — 8 ns
Tckp | Input Clock Period(<) 30 500 | 25 | 500 | 20 ns
Clk2xSys to Clk2XSmp!(®) 0 Jtcyc/d| O |teyc/d| © ns
Clk2xSmp to Clk2xRd(®) 0 lteyc/d| 0 |teyerd| o ns
Clk2xSmp to Clk2xPhi(®) 9 tcyc/4 | 7 |tcycd| 5 tcyc/4 ns
Run Operation
Toen | Data Enable(® — -1.5 ns
Toois | Data Disablef® — -0.5 ns
Toval | Data Valid Load= 25pF — 2 ns
Twidly | Write Delay Load= 25pF — 2 ns
Tos Data Set-up 9 - ns
ToH | Data Hold® 2.5 — ns
Tcs | CpBusy Set-up 13 — ns
TceH | CpBusy Hold -2.5 — ns
TAcTy | Access Type (1:0) Load= 25pF — 3.5 ns
TaT2 | Access Type (2) Load= 25pF — 8.5 ns
TMwe | Memory Write Load= 25pF — 9.5 ns
Texc | Exception Load= 25pF — 3.5 ns
Taval | Address Valid Load= 25pF — 1 ns
Tins | Int(n) Set-up 9 — ns
TinH | Int{n) Hold 2.5 — ns
Stall Operation
Tsaval | Address Valid Load= 25pF — 15 ns
TsAcTy | Access Type Load= 25pF — 13.5 ns
TMRdi | Memory Read Initiate Load= 25pF 1 13.5 ns
TMRdt | Memory Read Terminate Load= 25pF — 10 ns
Tst Run Terminate ) Load= 25pF 3 7.5 ns
TrRun | Run Initiate Load= 25pF — 3 ns
Tsmwr | Memory Write Load= 25pF 3 9.5 ns
Tsexc | Exception Valid Load= 25pF — 7.5 ns
Reset Inltlalization
TRST | Reset Pulse Width 6 — | Teyc
TrstpLL | Reset timing, Phase-lock on(45) 300! — | Teye
Trstep | Reset timing, Phase-lock off(4:5) 128 — | Teye
Capaciltive Load Deration
CLD |Load Derate® | o5 “Jos| 1 Jos| 1 | o | 1 [nsm5pF
2871 tbl 12
NOTES:
1. Alltimings are referenced to 1.5V.

2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.
3. This parameter is guaranteed by design.
4. These parameters apply when the 79R3010 Floating Point Coprocessor is connected to the CPU. With phase lock on, Reset must be asserted
for the longer of 3000 clock cycles or 200 microseconds.
. Teyc is one CPU clock cycle (two cycles of a 2x clock).

5
6. With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.
7 :

. Clock transition time < 2.5ns for 33.33MHz; clock transition time < 5ns for other speeds.
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IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:2:3)—
MILITARY TEMPERATURE RANGE (T¢ = -55°C to +125°C, VCC = +5.0V £10%)

79R3500A 79R3500AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Mlﬂ Max. ‘| Min. [ Max. | Min. I Max. | Min. | Max. | Unit
Clock
TexHigh| Input Clock High(?) Note 7 125 | — 10 — 8 ns
TckLow | Input Clock Low(@ Note 7 125 | — |10 | — 8 ns
Tekp | Input Clock Period® 30 500 | 25 } 500 | 20 ns
Clk2xSys to Clk2XSmp(®) 0 [teyerd| O |teyeid| O ns
Clk2xSmp to Clk2xRd(® 0 |teycrd| 0 |[tcycrd| O ns
Clk2xSmp to Clk2xPhi(® 9 |tcycrd| 7 |teycrd| S ns
Run Operation
Toen | Data Enable® — ns
ToDis | Data Disable(® — ns
Toval | Data Valid Load= 25pF — ns
TwDly | Write Delay Load= 25pF —_ ns
Tos Data Set-up 9 ns
ToH | Data Hold®) 2.5 ns
Tces | CpBusy Set-up 13 ns
TceH | CpBusy Hold 2.5 ns
TAcTy | Access Type (1:0) Load= 25pF — ns
TAT2 | Access Type (2) Load= 25pF — ns
TMwr | Memory Write Load= 25pF — ns
Texc | Exception Load= 25pF — ns
Taval | Address Valid Load= 25pF — ns
Tis | Int(n) Set-up 9 ns
TintH | Int(n) Hold -2.5 ns
Stall Operation
TsAval | Address Valid Load= 25pF — ns
TSAcTy | Access Type Load= 25pF — ns
TMRdi | Memory Read Initiate Load= 25pF 1 ns
TMRd: | Memory Read Terminate Load= 25pF — ns
Tst Run Terminate Load= 25pF 3 ns
TRun | Run Initiate Load= 25pF — ns
TsMwr | Memory Write Load= 25pF 3 ns
Tsexc | Exception Valid Load= 25pF — ns
Reset Initialization
TRST | Reset Pulse Width 6 — 6 — 6 — | Teyc
TrstPLL | Reset timing, Phase-lock on{45) — |3000] — |3000| — | Teye
Trstep | Reset timing, Phase-lock off(4:5) 128 | — | 128 . — | 128 | — | Teye
Capacitive Load Deration i
CLD |Load Derate(® [os] 1 Jos| 1+ | o | 1 [ns;5pF
2871t 13
NOTES:
1. Ali timings are referenced to 1.5V.
2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.
3. This parameter is guaranteed by design. '
4. These parameters apply when the 79R3010 Floating Point Coprocessor is connected to the CPU. With phase lock on, Reset must be asserted
for the longer of 3000 clock cycles or 200 microseconds. ’
5. Teycis one CPU clock cycle (two cycles of a 2x clock).
6. With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%. .
7. Clock transition time < 2.5ns for 33.33MHz; clock transition time < 5ns for other speeds. .
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IDT79R3500A RISCore™ RISC CPU PROCESSOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:2:3)—

COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, VCC = +5.0V +5%)

NOTES:

1.

5
6.
7. Clock transition time < 2.5ns.

All timi

ngs are referenced to 1.5V.

This parameter is guaranteed by design.

for the longer of 3000 clock cycles or 200 microseconds.

. Teye is one CPU clock cycle (two cycles of a 2x clock).

2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.
3.
4. These parameters apply when the 79R3010 Floating Point Coprocessor is connected to the CPU. With phase lock on, Reset must be asserted

With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.

79R3500AE
37.0MHz 40.0MHz
Symbol Parameter Test Conditions Min. Max. Min. Max. Unit

Clock
TekHigh| Input Clock Hight2) Note 7 55 — ns
TckLow | Input Clock Low(@) Note 7 5.5 — ns
Texp | Input Clock Period(<) 13.5 500 ns

Clk2xSys to Clk2XSmp(®) 0 tcyc/d ns

Clk2xSmp to Clk2xRd(®) 0 tcyc/d ns

Clk2xSmp to Clk2xPhi(®) 35 tcyc/4 ns
Run Operation
Tpen | Data Enable(® — -1.5 ns
Toois | Data Disable(® — -0.5 ns
Toval | Data Valid Load= 25pF ns
Twly | Write Delay Load= 25pF ns
Tos |Data Set-up ns
ToH | Data Hold® ns
Tces | CpBusy Set-up ns
TceH | CpBusy Hold ns
TAcTy | Access Type (1:0) Load= 25pF ns
TAT2 | Access Type (2) Load= 25pF ns
TMwr | Memory Write Load= 25pF ns
TExc | Exception Load= 25pF ns
Taval | Address Valid Load= 25pF ns
Tis | Int(n) Set-up ns
Tin4 | Int{n) Hold ns
Stall Operation
TsAvat | Address Valid Load= 25pF 125 ns
TSAcTy | Access Type Load= 25pF 9 ns
TMRdi | Memory Read Initiate Load= 25pF 9 ns
TMRdt | Memory Read Terminate Load= 25pF 9 ns
Tsu Run Terminate Load= 25pF 6 ns
TrRun | Run Initiate Load= 25pF 3 ns
Tsmwr | Memory Write Load= 25pF 9 ns
Tsexc | Exception Valid Load= 25pF 6 ns
Reset Initialization
TRST | Reset Pulse Width — Teyc
TrstPLL | Reset timing, Phase-lock on(4:5) — Teye
Trstep | Reset timing, Phase-lock off(4:5) — Teye
Capacitive Load Deration
CLD |Load Derate® ] 1 {ns/25pF

2871 tbl 14

24




IDT79R3500A RISCore™ RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

Tcklow ! Tckp Tckhigh
Clk2xSys ) )

Tsm

CIk2xSmp m—— w o
Trd
CkexRd m_/l: )

te— Tsys -»

Ck2xPhi m 7ﬂ

2871 dw 19

Figure 15. Input Clock Timing

Teyo-
SR N ¥
Tsmp —»| Tsmp —»

Trd - Trd = .
RdOut* /
Tsys

PO\ | £ X

Tsys

2871drw 20

Figure 16. Processor Reference Clock Timing

These signals are not actually output from the processor.
They are drawn to provide a reference for other timing diagrams.
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IDT79R3500A RISCore™ RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

Phase 1 2 1 2 1

Tsys
SysOut Tsys
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I f
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Figure 17. Synchronous Memory (Cache) Timing
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IDT79R3500A RISCore™ RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

RUN STALL STALL FIXUP RUN
Phase 1 2 1 2 1 2 1 2 1
SysOut Tsys Tsys Tsys Tsys
Tsys Tsys Tsys, Tsys
) { i 1 i I i
PRow N X N s XF X N X N /
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Addito KD AddrC | Addr 000 K D AddrX 1 AddrXC D Addry
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Tsmp ——

| Twrdly

le-Trd
Jmwr Tsmwr Tmwr Tmwr
MemWr
Tsmp [——— Tsmp
WrBusy \I\ | 1[
d

'—:' 'llds
L— Tdh L— Tdh Trun
A /

7]
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Figure 18. Memory Write Timing
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IDT79R3500A RISCore™ RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

RUN STALL STALL FIXUP RUN
Phase 1 2 1 2 1 2 1 2 1
Sysout Tsys Tsys Tsys Tsys
Tsys, Tsys Tsys Tsys
I I I I I I |
od S A A r A R A
Tsaval
AddrLo <D Addr><| Addr>@ Read Address ><D Add>< | Addr><D Add>
Tdval | | Toval +| feTrd
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Figure 19. Memory Read Timing
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IDT79R3500A RISCore™ RISC CPU PROCESSOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

L Coprocessor Store | Coprocessor Load
Phase 1 : 2 1 : 2 1
f Tsys
SysOut Tsys
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PhiOut 5< A >< o 4 X

| Bus D Bus | Bus D Bus

Input Output Input Input
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Tdh-] Trd Tdh ] \I‘ Tdh -+ \I‘
Data Bus
1 4
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Figure 20. Coprocessor Load/Store Timing
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Phase 1 2 1 2 1

SysOut

PhiOut

Int(n)

2871drw 25

Figure 21. Interrupt Timing

Phase |1|2|1|2|1|2|1|2|1|2|1

SysOut

PhiOut

Mode W Cycla Modes

Tsmp

int(n)

Reset

- !—-Td H

2871drw 26

TdS

Figure 22. Mode Vector Initialization

NOTES:

1. Resetmust be negated synchronously; however, it should be asserted asynchronously. Designs must not rely on the proper functioning of SysOut prior
to the assertion of Reset.

2. If Phase-Lock On or R3000 Mode are asserted as mode select options, they should be asserted throughout the Reset period, to insure that the slowest
coprocessor in the system has sufficient time to lock to the CPU clocks.

3. Resetis actually sampled in both Phase 1 and Phase 2. To insure proper initialization, it must be negated relative to the end of Phase 1.
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ORDERING INFORMATION'
IDT XXXXX — XX X X
Device Type Speed Package Process/
Temperature
Range
Blank Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B
M Military Temperature Range Only
GD175 175-Pin PGA (Cavity Down)
GD144 144-Pin PGA (Cavit (X, Down)
F 172-Pin Flat Pack (Cavity Down)
16 16.67 MHz
20 20.0 MHz
25 25.0 MHz
33 33.33 MHz
37
40

| 79R3500A RISC CPU Processor
| Enhanced Timing Version

2871 dmw 27

AE2860-0
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AN IDT79R3051 FAMILY OF ADVANCE INFORMATION
4 dt INTEGRATED IDT 79R3051™, 79R3051E
RISControllers™ IDT 79R3052™, 79R3052E
Integrated Device Technology, Inc.
FEATURES:
« Instruction set compatible with IDT79R3000A and —  On-chip DMA arbiter
IDT79R3001 MIPS RISC CPUs —  Bus Interface Minimizes Processor Stalls
- High level of integration minimizes system cost, power Single clock input
consumption Direct interface to R3720/21/22 RISChipset

35 MIPS, over 64,000 Dhrystones at 40 MHz

Low cost 84-pin PLCC packaging

Flexible bus interface allows simple, low cost designs
20, 25, 33, and 40 MHz operation

—  79R3000A /79R3001 Execution Engine
— R3051 features 4kB of Instruction Cache
—  R3052 features 8kB of Instruction Cache
—  All devices feature 2kB of Data Cache

—  “E”Versions (Extended Architecture) feature full Complete software support
function Memory Management Unit, including 64- —  Optimizing compilers
entry Translation Lookaside Butfer (TLB) — Real-time operating systems
—  4-deep write buffer eliminates memory write stalls —  Monitors/debuggers
—  4-deep read buffer supports burst refill —  Floating Point Software

—  Page Description Languages
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ADVANCE INFORMATION

IDT79R3051 FAMILY OF INTEGRATED RISControllers

INTRODUCTION

The IDT R3051 Family is a series of high-performance 32-
bit microprocessors featuring a high level of integration, and
targeted to high-performance but cost sensitive embedded
processing -applications. The R3051 family is designed to
bring the high-performance inherent in the MIPS RISC ar-
chitecture into low-cost, simplified, power sensitive applica-
tions.

Functional units were integrated onto the CPU core in order
to reduce the total system cost, rather than to increase the
inherent performance of the integer engine. Thus, the R3051
family is able to offer 35 MIPS of integer performance at 40
MHz without requiring external SRAM or caches.

Further, the R3051 family brings dramatic power reduction
to these embedded applications, allowing the use of low-cost
packagingfordevicesupto 25 MHz. The R3051 family allows
customer applications to bring maximum performance at
minimum cost. .

Figure 1 shows ablock level representation of the functional
units within the R3051 family. The R3051 family could be
viewed as the embodiment of a discrete solution built around
the IDT 79R3000A or 79R3001. However, by integrating this
functionality on a single chip, dramatic cost and power re-
ductions are achieved.

Currently, there are four members of the R3051 family
family. All devices are pin and software compatible: the
differences lie in the amount of instruction cache, and in the
memory management capabilities of the processor:

The R3052"E” incorporates 8kB of Instruction Cache, and
features a full function memory management unit (MMU)
including a 64-entry fully-associative Transtation
Lookaside Buffer (TLB). This is the same memory
management unit incorporated in the IDT 79R3000A and
79R3001. :

The R3052 also incorporates 8kB of Instruction Cache.
However, the memory management unit is @ much
simpler subset of the capabilities of the enhanced ver-
sions of the architecture, and in fact does not use a TLB.

The R3051"E” incorporates 4kB of Instruction Cache.
Additionally, this device features the same full function
MMU (including TLB file) as the R3052"E”, and R3000A.
The R3051 incorporates 4kB of Instruction Cache, and
uses the simpler memory management model of the
R3052. :

An overview of the functional blocks incorporated in these
devices follows.

CPU Core

The CPU core is a full 32-bit RISC integer execution
engine, capable of sustaining close to single cycle execution
rate. The CPU core contains a five stage pipeline, and 32
orthogonal 32-bit registers. The R3051 family implementsthe
MIPS-11SA. Infact, the execution engine of the R3051 family
is the same as the execution engine of the R3000A (and
R3001). Thus, the R3051 family is binary compatible with
those CPU engines. :

The execution engine of the R3051 family uses afive-stage
pipeline to achieve ciose to single cycle execution. A new
instruction can be started in every clock cycle; the execution
engine actually processes five instructions concurrently (in
various pipeline stages). Figure 2 shows the concurrency
achieved by the R3051 family pipeline.

i#1 [ IF ] RD [ ALUMEM| wB
12 [ IF [ RD [ALU [MEM | WB |

RD | ALU[MEM| WB |

#3 | IF | RD MEM| WB |

w4 [ IF

#5 RD [ ALU [MEM] WB |

Current

Figure 2. R3051 Family 5-Stage Pipeline

System Control Co-Processor

The R3051 family also integrates on-chip the System
Control Co-processor, CP0. CP0O manages both the excep-
tion handling capability of the R3051 family, as well as the
virtual to physical mapping of the R3051 family.

There are two versions of the R3051 family architecture:
the Extended Architecture Versions (the R3051E and R3052E)

" contain a fully associative 64-entry TLB which maps 4kB

virtual pages into the physical address space. The virtual to
physical mapping thus includes kemmel segments which are
hard mapped to physical addresses, and kernel and user
segments which are mapped on a page basis by the TLB into
anywhere within the 4GB physical address space. Inthis TLB,
8 page translationss can be “locked” by the kemel to insure
deterministic response in real-time applications. These ver-
sions thus use the same MMU structure as that found in the
IDT 79R3000A and 79R3001. Figure 3 shows the virtual to
physical address mapping found in the extended architecture
versions of the processor family.

The Extended Architecture devices allow the system de-
signer to implement kernel software to dynamically manage
User task utilization of memory resources, and also allow the
Kernel to effectively “protect” certain resources from user
tasks. These capabilities are important in a number of
embedded applications, from process control (where resource
protection may be extremely important) to X-Window display
systems (where virtual memory management is extremely
important).
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ADVANCE INFORMATION

Oxfffftitt

0xc0000000

0xa0000000

0x80000000

0x00000000

VIRTUAL

PHYSICAL

Kernel Mapped
Cacheable -
(kseg?)

‘Kernel Uncached
(kseg1)

Kernel Cached
(kseg0)

Physical
Memory

User Mapped
Cacheable

(kuseg)

Memory

} 512 MB

Figure 3. Virtual to Physical Mapping of Extended Architecture Versions

The base versions of the architecture (the R3051 and
R3052) remove the TLB and institute afixed address mapping
for the various segments of the virtual address space. The
base processors support distinct kernel and user mode op-
eration without requiring page management software, leading
to a simpler software model. The memory mapping used by
these devices is illustrated in figure 4. Note that the reserved
address spaces shown are for compatibility with future family

members.

Oxfftritif

0xc0000000
0xa0000000

0x80000000

0x00000000

Virtual

Kernel Cached
(kseg2)

7~ 3548 MB

When using the base versions of the architecture, the
system designer can implement a distinction between the
user tasks and the kernel tasks, without having to execute
page management software. This distinction can take the
formof physical memory protection, accomplishedby address
decoding, or in other forms. In systems which do not wish to
implement memory protection, and wish to have the kernel
and user tasks operate out of a single unified memory space,
upper address lines can be ignored by the address decoder,
and thus all references willbe seeninthe lower gigabyte of the

physical address space.

Physical

Kernel Uncached
(ksegt)

Kernel Cached
(kseg0)

User
Cached
(kuseg)

-

Figure 4. Virtual to Physical Mapping of Base Architecture Versions

| Kernel Cached
> Tasks 1024 MB
Kernel/User
Cached 2048 MB
Tasks
Inaccessible 512 MB
Kernal Boot
and I/0 512 MB
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ADVANCE INFORMATION

Clock Generation Unit

The R3051 family is driven from a single input clock. On-
chip, the clock generator unit is responsible for managing the
interaction of the CPU core, caches, and bus interface. The
clock generator unit replaces the external delay line required
in R3000A and R3001 based applications.

Instruction Cache

The current family includes two different instruction cache
sizes:the R3051 family (the R3051 and R3051E) feature 4kB
of instruction cache, and the R3052 and R3052E each incor-
porate 8kB of Instruction Cache. For all four devices, the
instruction cache is organized as a line size of 16 bytes (four
words). This relatively large cache achieves a hit rate well in
excess of 95% in most applications, and substantially con-
tributes to the performance inherent inthe R3051 family. The
cache is implemented as a direct mapped cache, and is
capable of caching instructions from anywhere within the 4GB
physical address space. The cache is implemented using
physical addresses (rather than virtual addresses), and thus
does not require flushing on context switch.

Data Cache

All four devices incorporate an on-chip data.cache of 2kB,
organized as a line size of 4 bytes (one word). This relatively
large data cache achieves hit rates well in excess of 90% in
most applications, and contributes substantially to the perfor-
mance inherent in the R3051 family. As with the instruction
cache, the data cache is implemented as a direct mapped

physical address cache. The cache is capable of mapping any
word within the 4GB physical address space.

The data cache is implemented as a write through cache,
to insure that main memory is always consistent with the
internal cache. In order to minimize processor stalls due to
data write operations, the bus interface unit incorporates a 4-
deep write buffer which captures address and data at the
processor execution rate, allowing it to be retired to main
memory at a much slower rate without impacting system
performance. :

Bus Interface Unit

The R3051 family uses its large internal caches to provide
the majority of the bandwidth requirements of the execution
engine, and thus can utilize a simple bus interface connected
to slow memory devices.

The R3051 family bus interface utilizes a 32-bit address
and data bus multiplexed onto a single set of pins. The bus
interface unit also provides an ALE signal to de-multiplex the
A/D bus, and simple handshake signals to process processor
read and write requests. In addition to the read and write
interface, the R3051 family incorporates a DMA arbiter, to
allow an external master to control the external bus.

The R3051 family incorporates a 4-deep write buffer to
decouple the speed of the execution engine fromthe speed of
the memory system. The write buffers capture and FIFO
processor address and data information in store operations,
and presents it to the bus interface as write transactions atthe
rate the memory systemcan accommodate. Figure Sillustrates
a basic write transactlion for the R3051/52.

Phick / \ _/__\ /- | \ | / \ /—_\_—/——\_/—
SysClk _\ /l \\ /( \ /_—\__—/ \ /h /_
Wwr \ /
A/D(31:0) e Output Data )
' l I l
Addr(3;2) )( Write Target Address
ALE A \
WiNear \ f
= L/
Start  Data  Ack? Ack? Ack End
Write  Output Write

Figure 5. IDT R3051 Family Write Operation (Two Bus Wait Cycles)
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ADVANCE INFORMATION

The R3051/52 read interface performs both single word
reads and quad word reads. Single word reads work with a
simple handshake, and quad word reads can either utilize the
simple handshake (in lower performance, simple systems) or
utilize a tighter timing mode when the memory system can
burst data at the processor clock rate. Thus, the system
designer can choose to utilize page or nibble mode DRAMs
(and possibly use interleaving), if desired, in high-performance
systems, or use simpler techniques to reduce complexity.
Figure 6illustrates abasic single word read; figure 7 illustrates
aburst block transfer. More aggressive designs could signifi-
cantly reduce the number of processor stall cycles from those
shown here.

In order to accommodate slower quad word reads, the
R3051 family incorporates a 4-deep read buffer FIFO, so that
the external interface can queue up data within the processor
before releasing it to perform a burst fill of the internal caches.
Figure 8 shows the action of the processor for a “throttled”
quad word read. Depending on the cost vs. performance
tradeoffs appropriate to agivenapplication, the systemdesign
engineer could include true burst support from the DRAM to
provide for high-performance cache miss processing, or uti-
lize the read buffer to process quad word reads from slower
memory systems.

Run/
Fixup/ Stall I Stall l Stall | Stall I Stall I Fixup I
Stall
mo/ /| \1/ |/ L[\
SysClk \ / \F Jl \ / \ / \ / ‘ \___/
R 'F /
A/D(31:0) Aggr { Data Input )
Addr(3:2) )( Word Address
ALE__ A N A \
Databn \ /
Burst
RdCEn \___/
ek |/
Diag(1) xCached? JL Miss Address(3)
| | Hi [ [ ]
Diag(0) X 0 L Miss Address(2) X
I I I 1
Sarn Tm o ace por i Samele

Figure 6. IDT R3051 Family Single Word Read Operation (Two Bus Wait Cycles)
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l I l | I : ?eﬁll/ lI__’lefill/ Pefilll 'l:?eﬁll/
ixup/ ixup/ ixup/ I ixup/
Stall ‘ Stall Stall Stall Stall Stream Stream Stream Stream

JEN

SysClk

PhiCK _/—\_/_\_/_\_/_\ _\_/_-\_/_\_/_\_/_\
AVl awawaWalwaaw e
N\ Y/

Rd \_ ' /

AD(31:0) { Aadr \/__E)a:aw) »— Data(1) }—( Data(2) Data(3)
, V' o Y N 1
Addr(3:2) ol X X " X:

ALE /,_\\ /] \

DataEn \

v \

R L/

Diag(1) ach;% Miss Address(3) X

L 1 [ | I I ]

Diag(0) _ X 0 Miss Address(2)

. — X
-t 1 1 1 [T

Start Turn
Read Bus Ack? Ack?

N

Sample Sample Sample Sample End
Ack Datg Datg Datg Datg Read

Figure 7. IDT R3051 Family Burst Read Operation (Two Bus Wait Cycles)
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: Refilll  Refily  Refill/  Refill/

Fixup/. | Fixup/ | Fixup/ | Fixup/

Stall Stall Stall Stall Stall Stall Stall Stall Stall |Stream |Stream |Stream |Stream
(DO) (D1) (D2) (D3)

Data
Start. . : : P P N End
Read Wait Wait Wait Data Wait Data Wait Data  Wait Read

sx L] LT LI L Lo
B [
A/D(31:0) | Addr | XX I XX I XX l Do ] XX | D1 I XX I D2 | XX l D3 | XXJ
Addr(3:2) L ‘00’ | ‘o1’ I 10 L 1" j
RICER N D D
% L |

Figure 8. IDT R3051 Family Throttled Quad Read Operation (Three Bus Wait Cycles, One Bus Wait Cycle Between Words)
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ADVANCE INFORMATION

SYSTEM USAGE

The IDT R3051 family has been specifically designed to
easily connect to low-cost memory systems. Typical low-cost
memory systems utilize slow EPROMs, DRAMs, and appli-
cation specific peripherals. These systems may also typically
contain large, slow static RAMs, although the IDT R3051
family has been designed to not specifically require the use of
external SRAMs.

Figure 9 shows a typical system block diagram. Transpar-
ent latches are used to de-multiplex the R3051/52 address
and data busses from the A/D bus. The data paths between

the memory system elements and the R3051/52 A/D bus is
managed by simple octal devices. A small set of simple PALs
can be used to control the various data path elements, and to
control the handshake between the memory devices and the
R3051/52.

Alternately, the memory interface can be constructed using
the IDT R3051 family RISChipset, which includes DRAM
control, data path control for interleaved memories, and other
general memory and systeminterface control functions. These
devices are described in separate data sheets. Figure 10
illustrates a simple system constructed using the R3051
family support chip set.

———» Reset
—» Clk2xIn
——pi Int(5:0) IDT R3051 Family
RISController
———1 BrCond(3:0)
—— BusReq
_ Burst/
<«—— BusGnt Wr RdCEn WrNear
AD(31:0) ALE Addr(3:2) SysCk Rd Ack DataEn BErr
4
A
Memory and Interface
[E:WST ™ Control PALs
[y
Address
#{ Decode
PAL
_1
J A 3 ‘ +
DRAM Control
PALs
I/0 Devices/
‘ t EPRAOM  fe— Peripherals [¢——®
System /O
DRAM
4 4 4
v
| FCT245T |
4
A v J

Figure 9. Typical R3051

Family Based System
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—— —» Clk2xIn

IDT R3051 Family
RISController

4 [ Y
Address/ Control
Data
R305x
| Local Bus
<% 4 4 4 é&’
A 4 y v L4
IDT 79R3722 IDT 79R3721
Integrated > DRAM
I/0 Controller Controller
4 4
PROM 1o 10 DRAM DRAM
4 4 4 4 4
< A
IDT 79R3720
Bus Exchanger
4

e@ \ 1 \ §%=

Figure 10. R3051 Family Chip Set Based System
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ADVANCE INFORMATION

DEVELOPMENT SUPPORT

The IDT R3051 family is supported by a rich set of devel-
opment tools, ranging from system simulation tools through
prom monitor support, logic analysis tools, and sub-system
modules.

Figure 11 is an overview of the system development
process typically used when developing R3051 family-based
applications. The R3051 family is supported by powerful tools
through ali phases of project development. These tools allow
timely, parallel development of hardware and software for
R3051/52 based applications, and include tools such as:

+ A program, Cache-3051, which allows the performance of
an R3051 family based system to be modeled and
understood without requiring actual hardware.

 Sable, an instruction set simulator.

 Optimizing compilers from MIPS, the acknowledged
leader in optimizing compiler technology.

« IDT Cross development tools, available in a variety of
development environments.

= The high-performance IDT floating point library software.

» The IDT Evaluation Board, which includes RAM,
EPROM, I/O, and the IDT Prom Monitor.

» The IDT Laser Printer System board, which directly
drives a low-cost print engine, and runs Microsoft
Trueimage™ Page Description Language on top of
PeerlessPage™ Advanced Printer Controller BIOS.

» Adobe PostScript™ Page Description Language, ported
to the R3000 instruction set, runs on the IDT R3051
family.

» The IDT Prom Monitor, which implements a fuli prom
monitor (diagnostics, remote debug support, peek/poke,
etc.).

System System System
Architecture Development Integration
Evaluation Phase and Verification

_ Software

SABLE Simulator
DBG Debugger
PIXIE Profiler

MIPS Compiler Suite

Stand-Alone Libraries

o Floating Polint Library
44 Cross Development Tools
| Adobe PostScript™ PDL

MicroSoft Truelmage™ PDL

Logic Analysls

Cache-R305x
Benchmarks
Evaluation Board
Laser Printer System

Diagnostics
IDT PROM Monitor
Remote Debug
Real-Time OS

Cache-R305x
Hardware Models
General CAD Tools
RISC Sub-systems
Evaluation Board
Laser Printer System

Figure 11. R3051 Family Development Toolchain
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ADVANCE INFORMATION

PERFORMANCE OVERVIEW

The R3051 family achieves avery high-levelof performance.

This performance is based on:

An efficlent execution engine. The CPU pedorms ALU
operations and store operations at a single cycle rate,
and has an effective load time of 1.3 cycles, and branch
execution rate of 1.5 cycles (based on the ability of the
compilers to avoid software interlocks). Thus, the
execution engine achieves over 35 MIPS performance
when operating out of cache.

Large on-chip caches. The R3051 family contains
caches which are substantially larger than those on the
majority of today’s embedded microprocessors. These
large caches minimize the number of bus transactions
required, and allow the R3051 family to achieve actual
sustained performance very close to its peak execunon
rate.

Autonomous multiply and divide operations. The
R3051 family features an on-chip integer multiplier/divide

* unit which is separate from the other ALU. This allows

the R3051 family to perform multiply or divide operations
in parallel with other integer operations, using a single
multiply or divide instruction rather than “step” operations.
Integrated write buffer. The R3051 family features a
four deep write buffer, which captures store target
addresses and data at the processor execution rate and
retires it to main memory at the slower main memory
access rate. Use of on-chip write buffers eliminates the
need for the processor to stall when performing store
operations.

Burst read support. The R3051 family enables the

~system designer to utilize page mode or nibble mode

RAMs when performing read operations to minimize the
main memory read penalty and increase the effective
cache hit rates.

35 MIPS integer performance, and over 64,000 dhrystones at
40 MHz without the use of external caches or zero wait- state
memory devices.

5.5
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PIN DESCRIPTION

Pin Name o Description

A/D(31:0) o] Address/Data: A 32-bit time multiplexed bus which indicates the desired address for a bus transaction
in one cycle, and which is used to transmit data between this device and external memory resources on
other cycles.

Bus transactions on this bus are logically separated into two phases: during the first phase, information
about the transfer is presented to the memory system to be captured using the ALE output. This
information consists of:

Address(31:4): The high-order address for the transfer is presented.

BE(3:0): | These strobes indicate which bytes of the 32-bit bus will be involved in
the transfer.

During write cycles, the bus contains the data to be stored and is driven from the internal write buffer.
On read cycles, the bus receives the data from the external resourcs, in either a single word
transaction or in a burst of four words, and places it into the on-chip read buffer.

Addr(3:2) (¢] Low Address (3:2) A 2-bit bus which indicates which word is currently expected by the processor.
Specifically, this two bit bus presents either the address bits for the single word to be transferred (writes
or single word reads) or functions as a two bit counter starting at ‘00’ for burst read operations.

Diag(1) (o] Diagnostic Pin 1. This output indicates whether the current bus read transaction is due to an on-
chip cache miss, and also presents part of the miss address. The value output on this pin is time
multiplexed:

Cached: Duringthe phase in which the A/D bus presents address information, this
pin is an active high output which indicates whether the current read is
a result of a cache miss.The value of this pin at this time in other than
read cycles is undefined.

Miss Address (3): During the remainder of the read operation, this output presents
address bit (3) of the address the processor was attempting to
reference when the cache miss occurred. Regardless of whether a
cache miss is being processed, this pin reports the transfer address
during this time.

Diag(0) (o] Diagnostic Pin 0. This output distinguishes cache misses due to instruction references from those
due to data references, and presents the remammg bit of the miss address. The value output on this
pin is also time multiplexed:

vD: . If the “Cached” Pin indicates a cache miss, then a high on this pin at this
time indicates an instruction reference, and a low indicates a data
reference. If the read is not due to a cache miss but rather an uncached
reference, then this pin is undefined during this phase.

Miss Address (2): During the remainder of the read operation, this output presents
address bit (2) of the address the processor was attempting to
reference when the cache miss occurred. Regardless of whether a
cache miss is being processed, this pin reports the transfer address
during this time.

ALE (o] Address Latch Enable: Used to indicate that the A/D bus contains valid address information for
the bus transaction. This signal is used by external logic to capture the address for the transfer.

DataEn (0] Data Input Enable: This signal indicates that the A/D bus is no longer being driven by the processor
during read cycles, and thus the external memory system may enable the drivers of the memory
system onto this bus without having a bus conflict occur. Dunng write cycles, or when no bus
transaction is occurring, this signal is negated.

55 ' 12
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PIN DESCRIPTION (Continued)

Pin Name

/o

Description

Burst/
WrNear

o}

Burst Transfer/Wrlte Near: On read transactions, this signal indicates that the current bus read

is requesting a block of four contiguous words from memory. This signal is asserted only in read cycles
due to cache misses; it is asserted for all I-Cache miss read cycles, and for D-Cache miss read cycles
if selected at device reset time.

On write transactions, this output tells the external memory system that the bus interface unit is
performing back-to-back write transactions to an address within the same 256 byte page as the prior
write transaction. This signal is useful in memory systems which employ page mode or static column
DRAMs.

Read: An output which indicates that the current bus transaction is a read.

Write: An output which indicates that the current bus transaction is a write.

IEE

]
o
I

Acknowledge: An input which indicates to the device that the memory system has sufficiently
processed the bus transaction, and that the CPU may either advance to the next write buffer entry or
process the read data.

&
o

Read Buffer Clock Enable: An input which indicates to the device that the memory system has
placed valid data on the A/D bus, and that the processor may move the data into the on-chip Read
Buffer. ’

SysClk

System Reference Clock: An output from the CPU which reflects the timing of the internal
processor sys clock. This clock is used to control state transitions in the read buffer, write buffer,
memory controller, and bus interface unit.

BusReq

DMA Arbiter Bus Request: An input to the device which requests that the CPU tri-state its bus
interface signals so that they may be driven by an external master.

BusGnt

DMA Arbiter Bus Grant. An output from the CPU used to acknowledge that a BusReq has been
detected, and that the bus is relinquished to the external master.

SBrCond(3:2)
BrCond(1:0)

Branch Condition Port: These external signals are internally connected to the CPU signals
CpCond(3:0). These signals can be used by the branch on co-processor condition instructions as input
ports. There are two types of Branch Condition inputs: the SBrCond inputs have special internal
logic to synchronize the inputs, and thus may be driven by asynchronous agents. The direct Branch
Condition inputs must be driven synchronously.

Bus Error: Input to the bus interface unit to terminate a bus transaction due to an external bus error.
This signal is only sampled during read and write operations. If the bus transaction is a read operation,
then the CPU will take a bus error exception.

Processor Interrupt: During operation, these signals are logically the same as the Int(5:0) signals
of the R3000. During processor reset, these signals perform mode initialization of the CPU, but in a
different (simpler) fashion than the interrupt signals of the R3000.

There are two types of interrupt inputs: the Sint inputs are internally synchronized by the processor,
and may be driven by an asynchronous external agent. The other interrupt inputs are not internally
synchronized. The direct interrupt inputs have one cycle lower latency than the synchronized
interrupts.

Clk2xIn

Master clock Input: This is a double frequency input used to control the timing of the CPU.
Internally, the clock generator unit derives the four processor "2xclk” signals from this clock.

Reset

Master Processor Reset: This signal initializes the CPU. Mode selection is performed during
the last cycle of reset.

Rsvd(4:0)

l[e]

Reserved: These five signal pins are reserved for testing and for future revisions of this device.
Users must not connect these pins. :
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ABSOLUTE MAXIMUM RATINGS(" 3 RECOMMENDED OPERATING
Symbol Rating Commercial Military | Unit TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage |~0.5t0+7.0 | -0.5t0 +7.0| V Grade Temperature GND Vee
with Respect ' Military 55°Cto+125°C | OV 5.0 £10%
to GND (Case)
TA, Tc | Operating 0to +70 ~-55t0+125| °C -
Temperature (Ambient) (Case) Commercial 0°C to +70°C ov 5.0 5%
Telas | Temperature -5510 +125 | 6510 +135| °C : (Ambient)
Under Bias
TstG | Storage -55t0+125 | -65t0+155| °C | OUTPUT LOADING FOR AC TESTING
Temperature ) .
VIN Input Voltage -0.5t0+7.0 | -0.5t0 +7.0| V

NOTE:

1.

Stressesgreater than those listedunder ABSOLUTE MAXIMUMRATINGS
may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions
above those indicatedin the operational sections of this specificationis not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.
. VIN minimum = -3.0V for pulse width less than 15ns.

ViN should not exceed Vee +0.5 Volts. ‘
. Notmore than one outputshouldbe shortedata time. Duration of theshon

2 should not exceed 30 seconds.

AC TEST CONDITIONS
Symbol Parameter Min. | Max. Unit
VIH Input HIGH Voltage 3.0 — )
viL input LOW Voltage — 0.4 v
VIHS Input HIGH Voltage 35 - \
vis | Input LOW Voltage — 0.4 v

To Device
+1.5V Under Test

:|:25pF

-4mA

5.5
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DC ELECTRICAL CHARACTERISTICS—

COMMERCIAL TEMPERATURE RANGE (Ta = 0°Cto +70°C, VcC = +5.0V 5%

20MHz 25MHz 33.33MHz 40MHz

Symbol Paramater Test Condltions Min. | Max. | Min. | Max.| Min.| Max.| Min. { Max. | Unit
VoH Qutput HIGH Voltage vce = Min., I10H = -4mA 35 —_— 35 — 35 — | 35 v
VoL Output LOW Voltage Vee = Min,, loL = 4mA — | 04 — 0.4 — | 04 v
VH Input HIGH Voltage®® 20 | — | 20 — | 20 v
viL Input LOW Voltage(?) — | o8| — 08| — 08 | v
ViHs Input HIGH Voltage(@) 30 | — | 30 — 30| — |V
ViLs Input LOW Voltagef!-2) — 04| — — o4 |V
CN Input Capacitance4) — | 10 | — —_ 10 | pF
Cour Output Capacitance(4 — | 10 |pF
lcc Operating Current vce =5V, TA = 70°C — | 600 | mA
IH Input HIGH Leakage VH = VCC — 100 — | 100| — | 100 | pA
L Input LOW Leakage ViL = GND -100 — | -100f — |[-100 | — | HA
loz Output Tri-state Leakage | VOH =2.4V, VoL = 0.5V -100 | 100 | -100 | 100 [ -100 | 100 | -100 | 100 | pA

NOTES:

1. Vit Min. =-3.0V for pulse width less than 15ns. ViL should not fall below -0.5 Volts for larger periods.

2. ViHs and ViLs apply to Clk2xIn and Reset.

3. VH should not be held above Vcc + 0.5 volts.

4. Guaranteed by design.
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AC ELECTRICAL CHARACTERISTICS (1 23
COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VCC = +5.0V 5%

20MHz 25MHz 33.33MHz 40MHz
Symbol Slgnals Description Min. | Max.| Min. | Max. |Min. | Max.|Min. |Max. | Unit
t1 BusReq, Ack, BusEror, Sint, | Set-up to 5ysClK rising 6 — 5 — 4 ns
RdCEn, Int, BrCond, SBrCond
tla AD Set-up to 5ysCK falling ns
2 BusReq, Ack, BusError, 3nt, | Hold from SysCIk rising ns
RdCEn, Int, BrCond, SBrCond
2a AD " | Hold from 5ysCIK falling
B3 A/D, Addr, Diag, ALE, Wr Tri-state from SysCIK rising ns
BurstWiNear, Rd, DataEn
14 A/D, Addr, Diag, ALE, Wr Driven from SysCKk falling ns
BurstWiNear, Bd, Datakn
t5 BusGnt Asserted from SysCIk rising ns
16 BusGnt Negated from SysCIK falling ns
17 Wr, Rd, BurstWrNear, A/D | Valid from SysCKk rising ns
18 ALE Asserted from SysCIK rising ns
19 ALE Negated from SysCIK falling ns
10 AD Hold from ALE negated®) ns
111 DataEn Asserted from SysCKK falling ns
112 Datakn Asserted from A/D tri-state(4) ns
t14 AD Driven from SysCIK rising(¥) ns
115 Wr. Rd, Datakn, Burst/WrNear | Negated from SysCIk falling ns
116 Addr(3:2) Valid from $ysCIK ns
17 Diag Valid from SysClk ns
t18 AD Tri-state from SysCIk falling ns
t19 AD 57sCIK falling to data out ns
20 Clk2xin Pulse Width High ns
121 Clk2xin Pulse Width Low ns
122 Clk2xin Clock Period ns
123 Feset Pulse Width from Vec valid us
t24 Feset Minimum Pulse Width tsys
125 Reset Set-up to SysCIk falling ns
126 Int Mode set-up to Reset rising ns
127 Tnt Mode hold from Reset rising ns
t28 Sint, SBrCond Set-up to SysCIk falling ns
129 Zlnt, SBrCond Hold from SysCIK falling ns
130 Int, BrCond Set-up to SysClk falling ns
131 Int, BrCond Hold from SysCIK falling ns
tsys &ysCk Pulse Width
132 ysCk Clock High Time ns
133 SysClk Clock Low Time ns
tderate | All outputs : Timing deration for loading ns/
over 25pf(4. 8 25pF
NOTES:

. All timings referenced to 1.5 Volts.

. All outputs tested with 25 pF loading.

. The AC values listed here reference timing diagrams contained in the R3051 Family Hardware User's Manual.

. Guaranteed by design. .

. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25 pF over the specified test load condition.

NHWN
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ORDERING INFORMATION
XXXXX - XX X X
IDT
Device Type = Speed Package  Process/
Temp. Range

Blank Commercial Temperature Range
‘B’ Compliant to MIL-STD-883, Class B
‘M Military Temperature Range Only

|V 84-Pin PLCC

| QU 84-Pin J-Bend Cerpack
20" 20.0 MHz
'25' 25.0 MHz
33 33.33 MHz
‘40 40.0 MHz
79R3051 4kB Instruction Cache, No TLB
79R3051E 4kB Instruction Cache, With TLB
79R3052 8kB Instruction Cache, No TLB
79R3052E 8kB Instruction Cache, With TLB

5.5 17
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MIPS RISC PROCESSOR IDT79R4000
Integrated Device Technology, Inc.
FEATURES: » High-Level of Integration
+ High-Performance, Highly Integrated CPU — RISC Integer Unit o
« Fully Binary Compatible with R2000, R3000 CPUs — |EEE Compatible Floating Point Units
« Capable of over 50 VAX MIPS sustained system — Memory Management Unit

— 8kB Instruction Cache
« High-level of performance — 8KkB Data Cache
~— Utilizes super-pipelining to exploit 2-level instruc- — Direct control of optional secondary cache
tion level parallelism with no issue restrictions — Extensive multi-processing support
— Balanced integer and floating point performance . .
— 64-bit floating point extensions
— Multi-processing support

performance

BLOCK DIAGRAM
Memory and
Secondary Cache
Interface :
8k Bytes 8k Bytes
Instruction Data
Cache Cache
Super-pipelined
(?cfmrol Unit
- 3 3
[ [
Register File Register File : %-lx:r?&tiir?;
32 x 32-bits 32x 32-bits Registers
integer Multiply/ | Floating Point Memory
Divide Execution Units Management
Registers
ALU Translation
L Lookaside
Buffer
Integer Floating Point Memory Management
Unit Units and
(CP1) Exception Handling
(CPO)
CEMOS is atrademark of Integrated Device Technology, Inc.
NOVEMBER 1990
©1990 Integrated Device Technology, Inc. 5.6 DSC-9053/-
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ADVANCE INFORMATION

DESCRIPTION:

The R4000 is the third generation of MIPS RISC technol-
ogy, continuing MIPS track record as the performance leader
and establishing a new performance standard for the 1990’s.

The R4000 maintains full binary compatibility with applica-
tions executing on the R2000 and R3000 MIPS RISC CPUs
(also available from IDT) and IDT's RISController™ family,
while achieving substantially higher performance. The key to
this performance standard is both the architecture/implemen-
tation of the processor, and the level of integration achieved
ina single chip. The R4000 contains both a high-performance
execution core (integer and floating point) as well as sufficient
memory bandwidth (large on-chip caches) to keep the execu-
tion engine running. The on-chip resources are comple-
mented by a direct interface to an optional secondary cache,
and also by multi-processing support, allowing the system
designerto further increase memory bandwidth to the proces-
sor, and to operate numerous processors together to increase
overall computational power. This balanced architectural
approach allows R4000 based systems to achieve a wide
range of price performance goals.

Keys to Performance

All microprocessors are governed by the same basic per-
formance equation: the time required to perform a given task
is the product of the number of instructions required to execute
the task with the <average> time required to complete an
instruction. MIPS optimizing compilers, and the MIPS RISC
architecture, serve to minimize the first term in the product.
The R4000 maintains the same focus on compiler technology
as an extension of the CPU architecture as did the earlier
generations of MIPS processors.

The remaining term in the performance equation is the
average amount of time required to execute instructions. The
R4000 is designed to exploit 2-level instruction parallelism,
thus being able to retire 2 instructions per clock cycle (sus-
tained). Further, the architecture, and the level of integration,
allow substantially faster clock rates to be used. The combi-
nation of fast clock rates, and multiple instructions per clock
cycle, minimize the average time per instruction.

Exploiting Instruction Level Parallelism

There are a number of techniques available to achieve
multiple instructions per clock cycle. The two discussed most
frequently are super-scalar, and super-pipelined architec-
tures. These machines aitempt to initiate multiple instructions
per clock cycle, as long as there are no data dependencies
betweentheinstructions. Thus, itis uptothe CPU (ratherthan
the compilers or programmer) to detect and exploit this
"instruction level parallelism" to increase performance.

Superscalar machines attempt to run multiple instructions
in distinct pipelines. In order to accomplish this, execution
resources must be replicated in each pipeline. Further,
significantlogic must exist between the pipelines to insure that
data dependencies amongst multiple instructions are re-
solved properly, and to insure that exceptions-are detected
and handled precisely. Figure 2illustrates atheoretical super-
scalar machine of degree 2.

Superpipelined machines attempt to initiate multiple in-
structions per clock cycle, sequentially. In order to do this,
execution units in the basic machine pipeline which have long
latencies (require a long time to complete their operation)
must be pipelined, so that multiple instructions canbe executing
simultaneously (although sequentially) inthose units. Inorder
to achieve high performance, the speed of the individual
pipestages is higher than in equivalent superscalar imple-
mentation. However, each pipestage is significantly less
complex than the super-scalar equivalent, allowing these
higher speeds to be achieved. Figure 3 shows the equivalent
super-pipelined machine of degree 2 (not intended to repre-
sent R4000 pipeline). ’

Studies have shown that architecturally, superscalar and
superpipelined are duals of each other:that s, each approach
is roughly equivalent in its ability to exploit instruction level
parallelism. Differences in performance willthenbe related to
the actual implementation of those techniques in a given
processor, constrained by the current semiconductor tech-
nology. Compromises and trade-offs which may reduce
effectiveness from the theoretical machine include:

One Clock One Clock
Cycle Cycle
Instruction Decode/ ALU Memory Register
Fetch Register Fetch Access Write Back
Instruction Decode/ ALU Memory Register
Fetch Register Fetch Access Write Back
Instruction Decode/ _ALU Memory Register .
Fetch Register Fetch Access Write Back
Instruction Decode/ ALU Memory Register
Fetch Register Fetch Access “Write Back

Figure 2. Superscalar RISC Pipeline
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One Clock One Clock
Cycle Cycle
I-Fetch | I-Fetch | Decode|Decode| ALU ALU Mem Mem WB wB
1 2 1 2 1 2 1 2 1 2
I-Fetch | I-Fetch | Decode|Decode| ALU ALU Mem Mem wB WB
1 2 1 2 1 2 1 2 1 2
|-Fetch | I-Fetch | Decode|Decode| ALU ALU Mem Mem | WB wB
1 2 1 2 1 2 1 2 1 2
|-Fetch | I-Fetch | Decode|Decode| ALU ALU Mem Mem wB wWB
1 2 1 2 1 2 1 2 -1 2

Figure 3. Superpipelined RISC Pipeline

Issue Restrictions: Due to the complexity and implemen-
tation cost of replicating execution units, and checking for
data dependencies between paralle! pipelines, many su-
per-scalar machines institute restrictions in the types of
operations that may be initiated in parallel. This degrades
the chip from the theoretical performance of a true super-
scalar machine.

Clock Frequency: the complexity of an implementation
affects the clock frequencies achievable. A machine de-
signed for instruction level parallelism may become so
complex thatthe clock frequency is adversely affected. This
canbe agreaterfactor in multi-chip implementations, where
significant speed is lost in bringing signals from one pack-
aged part to another across a PC board.

Memory Bandwidth: a high-performance microprocessor
needs substantial memory bandwidth to achieve its perfor-
mance potential. If the implementation is too complex, there
may not be enough room for adequate caches to keep the
execution engine fed. -A good implementation is able to
integrate sufficient-cache memory to allow the execution
engine to frequently operate at its peak performance rating.

Compiler technology: the compiler technology must be
capable of generating efficient code forthe execution engine.
In the case of a machine with issue restrictions, complex
peephole optimizations may be required to maximize par-
allel operation. These optimizations are generally outside
the realmof othertraditional optimizations required for more
general (less restrictive) machines.

Level of parallelism exploited. A tradeoff can be made
between machines with significant issue restrictions but
high peak parallelism and machines with few or no issue
restrictions but less peak parallelism. Numerous studies
have shown that a machine capable of exploiting two level
instruction parallelism, with no issue restrictions, will out-
perform a machine capable of exploiting 4-level parallelism
butwhichimplements significant issue restrictions. Further,
the amount of parallelism exploited by the machine may
cause tradeoffs in other areas, such as amount of cache or
clock frequency.

Based on these constraints, the architects of the R4000
have implemented a super-pipelined execution engine to
exploit 2-level instruction parallelism, with no issue restric-
tions, and with substantial primary instruction and datacaches.
The R4000 is thus capable of the raw execution speed
required to achieve high-performance, and supplies sufficient
bandwidth from its primary caches to minimize main memory
cycles. Finally, the R4000 is able to benefit from the strength
of the MIPS optimizing compiler technology, without requiring
an arbitrarily complex peephole scheduler.

Level of Integration:

The R4000 brings all of the execution resources necessary
for a high-performance computing system into a single chip.
These resources include:

» A High Performance Execution Engine. The R4000 uti-
lizes a super-pipelined execution engine, while maintaining
full binary compatibility with the R2000/R3000.

Fuli featured MMU. The R4000 integrates memory man-
agement and exception handling facilities on-chip as the
system control co-processor (CP0), thus not requiring an
external MMU device.

High Performance Floating Point Accelerator. The R4000
integrates single and double precision floating point on-
chip, as co-processor 1.

Large primary caches: the R4000 integrates large (8k
bytes each) instruction and data caches on-chip. These
large caches allow the execution resources to operate at
peak rates through substantial amounts of the application,
resulting in high actual system performance, not just peak
native MIPS.

Direct support for optional secondary cache. The R4000
incorporates the ability to implement an external secondary
cache, to further increase processor bandwidth. This is
especially important in multi-processing systems.

Multi-processing support. The R4000 provides the
support necessary to implement high-performance, multi-
processing systems.
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APPLICATIONS

The R4000 extends the performance range served by the
MIPS architecture into higher levels of performance. The
R4000 provides a high-performance migration path to those
applications currently served by devices such as the R3000,
R3001, and R3051.

The MIPS RISC architecture has found widespread accep-
tance in a number of applications. These include:

+ High-performance multi-processing systems. Further
computational throughput can be achieved by implement-
ing multiple R4000 in a single system, as illustrated in
tigure 4. MIPS RISC is already well represented in multi-
processing applications, including systems from Silicon
Graphics, Stardent Computer, and Digital Equipment
Corporation. The R4000 allows these systems to imple-
ment even higher performance in each CPU, increasing
overall system capability.

l{e}
Memory Channels
System System System System
Interface Interface Interface - Interface

i

i

i

i

« Real-time systems. The Joint Integrated Avionics

Figure 4. R4000-Based Multi-Processing System

R4000

Main

Working Group (JIAWG) committee has selected the Memory
MIPS RISC architecture as a standard for military avion-
ics. The R4000 allows these real-time applications to ) * *
benefit from high integration and CPU performance.

Embedded computing systems. The MIPS RISC ’ ’ *
architecture has won designs in a number of embedded DMA 1o o
systems applications, including laser printers, graphics .
systems, and data communications. A typical high-
performance embedded system built around the R4000 is .
illustrated in figure 5. :

Figure 5. R4000-Based Embedded System
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» Desktop workstations. MIPS RISC is a leading archi-
tecture in UNIX™ based workstations, from vendors such
as MIPS, Digital Equipment Corporation, and Silicon
Graphics. The R4000 extends the performance range
achievable in a desktop environment, while minimizing
chip count (and thus real estate, cost, and power con-
sumption) as illustrated in figure 6.

R4000 Main
Memory

System
Interface

 §
~<.>

P

/0 /0 170

(VME, TurboChannel, etc.)

Figure 6. R4000-Based Desktop Workstatlon

ADDITIONAL INFORMATION

Additional information on the R4000 is évailable from IDT.
Please contact your local sales representative for additional
information on this product. '

» Deskside server systems. The R4000 is also capable

of supporting high performance server systems, such as
systems built by MIPS and Digital Equipment {around the
R3000) today. Implementing a secondary cache, and a
larger I/O and main memory system, extends the basic
UNIX system to a high-performance server system as
shown in flgure 7.

i72nd’ ;| R4000 Main
‘Cache Memory
System
Interface
110 o - 110

(VME, TurboChannel, etc.)

Figure 7. R4000-Based Deskside Server System
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RISC SUPPORT

A RISC microprocessor is an important, but not self-
sufficient, element of a high-performance general or embed-
ded computing system. Equally important is the memory
system (both cache and main memory) and the 1/O interface
to the execution core.

To simplify the task of building these high-performance
subsystems, 'IDT produces a wide variety of support chips
and building block devices. These chips range from general
purpose devices such as fast static RAM and high-perform-
ance logic (used with many processor families) , to special-
ized devices used in only certain types of applications (such
as the IDT LaserFIFO, used in laser printer systems) and
devices designed to work with only a specific processor
family. :

Generic building block devices include SRAMs, with den-
sities from 16KB to 1MB and access times as low as 7ns, as
well as high-speed logic devices such as the FCT-T family.

Devices specifically developed for RISC systems include
the RISChipset™ — 3720 Bus Exchanger, 3721 DRAM
Controller and the 3722 1/0 Controller. These components

COMPONENTS

facilitate design of systems based upon the R3051/52 con-
troller family. The DRAM and I/O controllers have direct bus
interface to the 3051/52.

The R3020 Write Buffer enhances the performance of
R3000 systems by allowing the processor to perform write
operations at full clock speeds instead of resorting to time-
consuming CPU stall cycles. The memory can then retire
the data at a slower rate. The R32xx family of read/write
buffers includes the memory  read capability, enabling the
use of slower main memory without impacting system per-
formance.

By providing these system solutions as building blocks,
IDT allows its customers the maximum flexibility in achieving
their price performance goals while minimizing time-to-mar-
ket, real estate and complexity of the end system.

This section of the data book contains some 'selected
devices which have either been specifically designed for
particular RISC processors or found to be exceptionally
useful in these high-performance systems.
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BUS EXCHANGER INFO?RDI\X:'IE‘I'gﬁ
FOR R3051 FAMILY IDT7ORST20
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:

Direct Interface to R3051 Family RISChipSet™

— R3051™ Family of Integrated RISController™
CPUs

— R3721 DRAM Controller

— R3722 1/0 Interface Controller

Interfaces a single CPU bus to interleaved or banked

memory systems

Data path for read and write operations

Low noise outputs

Supports R3051 family systems from 20 to 33MHz

Simplifies data path design in high-performance memory

systems

3-Bus Architecture

— One CPU Bus

— Two (interleaved or banked) memory busses

— Each bus independently latched to support

asynchronous operation

68-Pin PLCC Package

High-performance CEMOS™ technology

The R3720 Bus Exchanger is designed to provide data path

support in an R3051 family system utilizing interleaved or
banked memory techniques. The Bus Exchanger is respon-
sible for interfacing between the CPU A/D bus (CPU address/
data bus) and multiple memory data busses.

Thus, the Bus Exchanger uses a three bus architecture,

with control signals suitable for simple transfer between the
CPU bus and either memory bus. The Bus Exchanger
features independent read and write latches for each memory
bus, thus supporting a variety of memory strategies.

The bus exchanger can be used as a simple transceiver,

passing data between the single CPU bus and the pair of
memory busses. Alternately, data from any of the three ports
canbe latched by the Bus Exchanger, to free the sending port
{memory, during reads, and the CPU, during writes) while the
receiving port precesses the transfer at its own rate.

The difference in operation is accomplished through the

use of a simple set of control signals. These signals include
independent latch enables for all three ports, signals to
indicate the direction of transfer (read or write) and which
memory portis involved, and other signals which canbe used
to force the ports to operate as either a transceiver or a true

latch.
BLOCK DIAGRAM
EvenOEn
Even [I
pr—  Write |
CPUENEven Latch
el EvEN(15:0)
s
eal .‘_
N Latch EvenEn
. < T/R
CPU(15:0) e Bus |« Path
Control | SelOdd
< SelEven
OddOEn
Odd
& Write |
CPUENOdd Latch
el Odd(15:0)
Odd
__<lj__. Eeag | ]
atcl
CPUOEN OddEn

CEMOS, RiSControlier, R305x, R3051, R3052 are of Integrated Device T Inc.

NOVEMBER 1990
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USE AS PART OF THE R3051 FAMILY CHIPSET

When used with an R3051 family CPU, a pair of bus
exchangers are typically used as illustrated in figure 2.

The bus exchanger is typically used as an integrated
transceiver in R3051 family applications; that is, the latches
are held "open" through the transfer. In such an application,
the single bus exchanger replaces 8 basic transceivers plus
logic to coordinate data flow between the paths.

The system memory model determines the mapping be-
tween processor addresses and memory ports. In a system

with two non-interleaved banks of memory, a high-order
address bitfromthe processor determines which memory port
is being accessed. Inan interleaved memory system, Addr(2)
isusedto alternate betweentwo banks of memory. Boththese
cases are handled by the R3721 DRAM controller for the
R3051 family.

The R3721 DRAM controller for the R3051 family uses the
bus exchanger as a simple set of transceivers. The R3721
directly controls the inputs of the bus exchanger, during both
reads and writes.

——p Clk2xIn

IDT R3051 Family
RISController

A%iarte: s/ Control
4
R305x
Local Bus
“# 1 4 y y &@“’
L [ ! <
IDT 79R3722 IDT 79R3721
Integrated DRAM |
I/0 Controller Controller
A A [ I'- l
PROM o o DRAM DRAM
4 y y y y
A A
IDT 79R3720
Bus Exchanger [*
2
4
< \ \ . i o

Figure 2. Bus Exchanger Used in R3051 Family System
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DRAM CONTROLLER
FOR R3051 FAMILY

ADVANCE
INFORMATION
IDT79R3721

FEATURES:

» Direct Interface to R3051™ Family RISController™ Chip

Set

— R3051 Family Integrated RISController CPU
— R3720 Bus Exchanger
— R3722 /0 Interface Controller
« Directly drives DRAM address and control signals
~ — Directly drive 36 DRAM devices or multiple SIMM

modules

— High output capability requires no external drivers -

for DRAM address or control signals
— Replicated control signals allows control of multiple
memory banks
— Directly drives Bus Exchanger or 74FCT245 data
path buffers ’
» Low noise outputs with built-in series resistance for
direct drive of DRAMS (large capacitive load)

20, 25, and 33 MHz Operation
» Simplifies system design by eliminating glue logic/PALs

» High performance from low cost DRAMs

DRAMs

— Supports Page Mode read and writes using on-chip
Page Detection

— Supports R3051 Family cache burst refill
— DMA interface for burst DMA read or write
accesses

« Supports Multiple Common DRAM Configurations

— 1MB to 16 MB

— 256kx4 through 4Mx1 DRAMs
— 1, 2, or 4 Banks of DRAMs
— Non-interleaved or Dual Interleaving Configurations
— Page Mode, or Static Column Mode Accesses
— CAS-before-RAS or RAS-only refresh timing
control on-chip
« Cascadeable to allow multiple DRAM controllers per
system :

— Programmable timing model for 60 - 120 ns

» Low noise TTL level outputs for CPU interface

« High-performance CEMOS™ technology

BLOCK DIAGRAM
ALE \'
‘ ] » Adr(10:0)
L1
$1 Data Path » CPUEN(1:0)
Control $ EvenkEn
Bank Select ; -Pl-a'g‘En
» 1/
Page Mode Byte Write » ByteWE(3:0)
= Address Control » OE(3:0)
Comparator
l ¥
A/D(24:0)  emmndeep>! Mode
Addr(3_:n‘2} —> Register
Rl i
Wr ——p R3051 e — Timing
3 éfélr(‘ 4 Family Generator
DataEn (terface RAS/CAS »> RAS[E0)
M ntroller
Burst/er:g?’: —_— Generator » CAS(3:0)
MSel ————»] DRAM Access
C'a —pt Control
BursiDM —————»
EOM <4—— Refresh Refresh Address
Controller
CEMOS, RISController, R305x, R3051, R3052 are of Integrated Device T gy, Inc.
NOVEMBER 1990
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ADVANCE INFORMATION

DESCRIPTION:

The R3721 DRAM controller provides a direct interface
between the R3051 family CPU and DRAM-based main
memory. The R3721 requires no PALs, buffers, or drivers to
interface to the CPU or to the DRAM devices. Itis capable of
being used either with the R3722 I/O Controller or in applica-
tions which perform I/O functions using discrete or ASIC-
based approaches. The R3721 DRAM controller thus dra-
matically simplifies the problem of interfacing DRAMs to the
R3051 family. '

Operation Overview

The R3721 accepts a memory decode input from an
external address decoder (for example, the R3722) and
performs the full data transfer requested. Using an external
input to initiate transfers allows multiple R3721's to be cas-
caded in large memory systems.

The R3721 allows a number of different memory configu-
rations to be used, and a number of different speeds of DRAM
devices to be used, at any given CPU speed. The various
options are selected by performing a write to the internal mode
register of the R3721. Options in the memory configuration
include: use of 256kx4 through 4Mx1 DRAM organizations;
single, banked, or interleaved memory configurations; DRAM
speeds of 60 - 120ns; and other options relating to DRAM
refresh, use of static column mode, etc. Design decisions on
which model best serves the application will be based upon
the cost, performance, and main memory size requirements of
the system.

The R3721 performs reads and writes, as requested by the
R3051 (or other bus master, in the case of systems which
include DMA). The R3721 is capable of performing the single
orquad word reads requested by the processor, as wellasthe
buffered write (either near or not near in the DRAM page).
Burst reads can be processed as either true burst, or throttled
reads, depending on the memory configuration and speed.
Refer to the R3051 Family data sheet or Hardware User's
Guide for more information on the types of transfers performed
by an R3051-family CPU.

An operation is initiated when the R3721 is selected ex-
ternally for a transfer. The R3721 then monitors the input
control signals of the R3051 interface bus, and performs the
indicated transfer. The R3721 performs the entire handshake
required by the R3051 family, including the use of RACEn and
‘Ack to control the transter of data between the CPU and the
DRAM. Inadditionto performingthe controlinterface between
the R3051 bus interface and the DRAM (including address-
ing), the R3721 also manages the data path between the
DRAMs and the R3051 family CPU, by directly controlling
either a 74FCT245-type transceiver device (for single or
simple banked designs) or an R3720 Bus Exchanger (for
interleaved or banked memory systems).

APPLICATIONS .
The R3721 is designed to interface directly to an R3051

Yamily CPU. Additionally, the R3721 works seamiessly with

the R3720 Bus Exchanger (in interleaved memory systems)
and the R3722 Integrated 1/0 controller. Figure 2 illustrates

‘the construction of an R3051 family systems using this chip

set.
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—— Clk2xIn
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RISController
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Data Control
4
R305x
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% 4 1 4 y &%’
A A v |
IDT 79R3722 . IDT 79R3721
Integrated DRA'}/: |
I/0 Controller Controller
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PROM ro 7o) ~ DRAM DRAM
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IDT 79R3720
Bus Exchanger [*
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Figure 2. Use of R372x RISChipsetin R3051 Family System
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dt) FOR R3051 FAMILY N o

Integrated Device Technology, Inc.

FEATURES: '
- Direct Interface to R305x RISController™ RISChipSet™  * Boot interface supports byte-wide or 32-bit boot prom
— R3051 Family of Integrated RISController CPUs + Dual UART

— R3721 DRAM Controller — Full Duplex support
— R3720 Bus Exchanger — Programmable data formats
+ Supports R3051 family systems from 20 to 40MHz — Programmable baud rates to 19.2K baud

« Priority Interrupt Controller for On-Chip Peripherals + High-performance DMA channels
— Nine Internal Interrupt Requests « Interfaces between R305x and external I/O devices

— Interrupt Pending Register — Address space decoding into 8 /0O segments
— Each interrupt independently maskable — Programmable wait state generation per /O

+ Three timer/counters with programimable counter modes segment
132-Pin PQFP Package

» Programmable parallel /0 port

BLOCK DIAGRAM
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IDT79R3722 I/O INTERFACE CONTROLLER

ADVANCE INFORMATION

DESCRIPTION:

The R3722 s designed to link an R3051 family CPU to the
various memory and l/O resources of the target application. In
addition to performing the control functions required in the
system, the R3722 also incorporates many of the simple
peripheral functions found in typical embedded systems:
parallel I/O, serial /O, and counter/timers. Finally,the R3722
incorporates DMA channels, designed to move data between
the various resources under the joint control of the R3051 and
the R3722.

The R3722 is really designedto eliminate the PAL and glue
logic found in many embedded systems. The R3722 provides
the functions typically performed by PALs, such as: address
decoding; wait state generation; synchronization; and pe-
ripheral control.

Note that the R3722 does not directly perform DRAM
conttrol; rather, it decodes references to DRAM, and provides
an output signal to an external DRAM controller (such as the
R3721). Thisis an appropriate trade-off, allowing the embed-
ded sytem designer maximal flexibility in interfacing to the
memory type, size, and organization appropriate for that
application.

OPERATION OVERVIEW

The R3721 constantly monitors the R3051 bus; when a
transfer is indicated (by the assertion of the ALE signal from
the CPU), the R3721 performs address decoding. Depending
onthetransferrequested (read orwrite, and towhich address),
a number of different events may occur:

The R3722 may perform the transfer itself (between the
CPU and one of its internal peripherals);

« It may assent one of its "Chip Select" outputs, indicating
that a peripheral under its control is requested for the
transfer. In this case, the R3722 will provide the hand-
shake back to the CPU, controlling the wait states
required to perform the access.

It may decode the reference as areference to the boot
prom space. In this case, the R3722 will perform a 32-bit
transfer, or a series of 8-bit transfers, from the boot prom,
depending on how the system has configured the boot
prom interface.

1t may decode the reference as a DRAM reference, in
which case it will assert its DRAMSe! output, indicating
that the external DRAM controller is required to perform
the transfer. In this case, the DRAM controller is respon-
sible for wait state generation, allowing the tightest
possible coupling (and timing handshake) between
DRAM and the CPU.

In addition to handling data transfers, the R3722 also
performs basic peripheral functions. For these functions, it
uses logic blocks which are operation and software compat-
ible with the 825x series of peripheral devices.

Finally, the R3722 performs DMA transfers between vari-
ous memory regions. The R3722 is capable of using the
R3051 bus atthe same transfer speeds as those supported by
the processor itself, resulting in the highest levels of DMA
performance.

APPLICATION OVERVIEW

The R3722 is designed to interface directly to an R3051
family CPU. Additionally, the R3722 works seamlessly with
the R3721 DRAM Controller and R3720 Bus Exchanger.
Figure 2 illustrates the construction of an R3051 family sys-
tems using this chip set.
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A | RISC CPU WRITE BUFFER. IDT79R3020
B _dt :

Integrated Device Technology, Inc.

A P

- FEATURES: ‘ DESCRIPTION:
o Temporary storage buffers to enhance the performance of the The IDT79R3020 Write Buffer enhances the performance of
IDT79R3000 RISC CPU processor IDT79R3000 systems by allowing the processor to perform write
o Allows for write operations by the RISC CPU processor during operations during Run cycles instead of resorting to time-
Run cycles . consuming stall cycles. Each IDT79R3020 device handles an 8-bit
« Each Write Buffer has four locations to handle an 8-bit slice of address, and a 9-bit slice of data (one parity bit per byte);

thus, four IDT79R3020s provide 4-deep buffering of 32 bits of
address and 36 bits of data and parity. Figure 1 illustrates the
functional position of the Write Buffer in an IDT79R3000 system.
Whenever the processor performs a write operation, the Write
Buffer captures the output data and its address (including the
access type bits). The Write Buffer can hold up to four data-
address sets while it waits to pass the data on to main memory.
Transfers from the processor to the write buffers occur synchro-
nously atthe cycle rate of the processor and the write buffer signals
the processor if it is unable to accept data. The write buffer also
provides a set of handshake signals to communicate with a main
memory controller and coordinate the transfer of write data to main
memory.
The sections that follow describe these IDT79R3020 Write
Buffer interfaces: )
o the processor-Write Buffer interface
» the Write Buffer-main memory interface
« a miscellaneous, Write Buffer-board control interface.

address slice and a 9-bit data slice (including a parity bit)
» High-speed CEMOS™ technology
o Pin, functionally and software compatible with the MIPS
Computer Systems R2020 Write Buffer
¢ Speeds from 16.7 to 40 MHz
+ Military product compliant to MIL-STD-883, Class B

WRITE BUFFER

qugg . Address >
IDT79R3020
i Main ,
IDT79R3000 Memory .
Processor Address Controller

. Control lag——— 3! Control
Signals Signals
Data -
[D31:00] Write Data

Read Data

Figure 1. The IDT79R3020 Write Buffer in an IDT79R3000 System

CEMOS is a trademark of Integrated Device Technology, Inc.
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WRITE BUFFER - IDT79R3000 PROCESSOR
INTERFACE

Figure 2 shows the signals comprising the Write Buffer interface
to the IDT79R3000 (all descriptions assume that four IDT79R3020

Write Buffers are used to implement a 32-bit, buffered interface).
The AdrlLo bus and Tag bus bits from the processor are both

connected to the Write Buffer to form a 32-bit physical address that
is captured by the buffers. Thirty-two bits of data, four bits of parity,
and two access type bits are also captured by the Write Buffer. The
paragraphs that follow describe the Write Buffer-processor inter-
face signals and the timing of processor-to-Write Buffer data
transfers.

SysOut DC > Clock
Address B 2,
ress Bus X
(AdrLo & Tag) // > Addrin7:0
L——"’ Address1:0
_ 36,
Data Bus
and Parity 4 > Dataln8:0
IDT79R3000 : ‘Write
Processor AccTyp0 > AccTypO Buffer
AccTypl P AccTyp1 (x 4)
MemWr | WiMem
WrBusy [« WbFull
CpCond0 [ — — — — — — — Request

Figure 2. Write Buffer — IDT79R3000 Processor Interface

Write Buffer-Processor Interface Signals

Clock

An inverted version of the IDT79R3000’s SysOut signal from the
IDT79R3000 processor that synchronizes data transfers. The
Write Buffer uses the trailing edge of Clockto latch the contents of
the AdrLo bus and uses the leading Clock edge to latch the con-
tents of the Data and Tag buses.
Dataln8:0

Nine input data lines from the IDT79R3000 processor’s Data bus
(eight bits of data and one bit of parity).
Addrin7:0

Eight input address lines from the IDT79R3000 processor. The
address lines are taken from the AdrLo and Tag buses.

Address1:0

Thetwo least significant address bits from the IDT79R3000 proc-
essor. These two address bits must be connected to all four Write
Buffers and are used in conjunction with the access type
(AccTyp1.:0) signals, the Position1:0 signals, and the BigEndian
signalto determine which byte(s) in a word are being written into a
particular Write Butfer.

AccTypini:0 -

The access type signals from the IDT79R3000 processor speci-
fying the size of a data access: word, tri-byte, half-word, or byte.
WiMem .

This input is connected to the MemWr signal from the

IDT79R3000 processor that is asserted whenever the processor is
performing a store (write) operation.

Request

The primary purpose of this signal is to request access to mem-
ory and is described later when the Write Buffer-Main Memory
Interface isdiscussed. The Request signal can also be connected
to the CpCond0 input of the IDT79R3000 and can then be tested
by software to determine if there is any data in the Write Buffer.

Since Request is deasserted if there is no data in the Write Buffer,
software can determine if a previous write operation (for example,
to an I/O device) has been completed before initiating a read or
read status operation from that device.

WbFull

The Write Buffer asserts this signal to the IDT79R3000’s
WrBusy input whenever it cannot accept any more data; that is,
when the current write will fill the buffer or the buffer has alt ad-
dress-data pairs occupied. The IDT79R3000 processor performs
a write-busy stall if it needs to store data while the WoFull/WrBusy
signal is asserted.

Data & Address Connections

Figure 3 illustrates how four Write Buffers are connected to the
address and data outputs of the IDT79R3000 processor.

Address Inputs

Each Write Buffer device has eight address inputs (Adrin7:0).
The four low-order bits (Adrin3:0) are clocked into the device on
the trailing edge of the Clock signal and are taken from the
IDT79R3000’s AdrLo bus. The four high—order bits (AdrIn7:4) are
clocked into the device on the rising edge of the Clock signal and
are taken from the IDT79R3000’s Tag bus.

Each device also has separate inputs (Address1, Address0) for
the two low-order bits from the AdrLo bus. These bits must be
input to each device since they comprise the byte pointer. Note in
Figure 3 that the two low-order Adrin inputs (Adrln1:0) to Write
Buffer device 0 are connected to ground since the Addressi,
Address0 inputs already supply these bits to the device.

Data Inputs
Each Write Buffer device has nine data inputs that are clocked

_ into the device on the leading edge of the Clock signal and are

taken from the IDT79R3000’s Data bus. In Figure 3; each device
captures eight bits of data and one bit of parity. Also note that the
data bits assigned to each device correspond to the address bits
connected to the device. This arrangement is required since data -
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selection is dependent on a combination of the AccType signals
and the two low order address bits. The arrangement also

simplifies system utilization of the “Read Error Address” feature )
described later.

] TR >
| : Read /\
Tag \"_Il'ag Bus [31:16] Buffer
l System Address Bus :>
AdrLo AdrLo Bus [15:00]
» N A
Ta_xsw:> Adrin7:4 ]
IDT79R3000 [Fogioss Ou>
Processor Adrlo18:12 21 Adrin3:0 - Write
Data35,31:28 Dataln8:4 BUﬁer _]J
ata : ataln8:
3 DataOut :>
= 1,
Data15:12 Dataln3:0 Position1 |ef—+1"
11| Addressi:0 Position0  [«—*1
__Tag27:24 Adrin7:4 .
Address Out 4
AdrLo11:08 . .
rLo Adrin3:0 Write
Dam33s72a > Dataing:s  BUffer g
. 2 DataOut >
Data11:08 Dataln3:0 Position1 |« «y» 1
Position0 [« 0"
r — | Address1:0
Tag23:20 .
- Adrln7:4 Address Out
Adrlo07:04 >3 Adrin3:0 Write
Buffer
Data34,23:20 Datain8:4 1 Datout >
Data07:04 Dataln3:0 Position1 et «0"
) ataln Position0 pesf—"1"
=t p——t{ e pew—P| Addressi:0
Taq19:16> drin7:4
Adrin7 Address Out
AdrlLo03,02 A Adrin3:2 Write
g—- Adrint:0  Buffer
0 oo >
Data32,19:16 Dataln8:4 Position1 - [ "0"
Position0 [«g— 0"
Data03:00 Dataln3:0
£ Address1:0

Figure 3. Write Buffer Data and Address Line Connections

The Position1 and Position0 signals shown in Figure 3 specify
the nibble position within a halfword that each write buffer device

comprises.

Write Buffer - Processor Timing

Transfers between the processor and the Write Buffers occur

into the Write Buffers’ latches. Figure 4 illustrates the timing for the
processor-Write Buffer interface.

When the WrtMem signal is asserted, the low-order address bits,
and the Address 1:0 inputs, are latched on the trailing edge of the
Clock signal (1). The rising edge of Clock (2) is used to latch the
high-order address bits, the access type inputs and the contents of

synchronously: the Clock signal from the processor is input to the
Write Buffers and used to clock the address and data information

the data bus.
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Clock

WtMem

Adrin3:0

(AdrLo)
Address1:0

AccType1:0

Adrin7:4
(Tag)

Dataln

| ©E——

Figure 4. Processor — Write Buffer Interface Timing

WRITE BUFFER - MAIN MEMORY INTERFACE

Figure 5 shows the signals comprising the Write Butfer interface
to main memory. This interface is essentially decoupled from the
Write Buffer-processor interface: although some synchronization

of the memory interface signals and the Clock signal is required,
the handshaking signals in this interface have no direct connection
to the operation of the Write Buffer-processor interface.

OutEn [
32,
AddrOut / >
7
. AccTypOuto o
Write P
AccTypOutt Lot
Buffer 36, Main
X 4 DataOut
( ) and Parity // > Memor y
Controller
Request :
Acknowledge |
Clock >

Figure 5. Write Buffer — Main Memory Interface

Write Buffer - Maln Memory Interface Signhals

Each Write Buffer provides the following signals that comprise
the interface to a main memory controller:
AddrOut 7:0

Eight address line output from each Write Buffer.
DataOut 8:0

Nine data lines from each Write Buffer (eight bits of data and one
bit of parity).
AccTypOut 1:0

The access type signals from the Write Buffer specifying the size
of a data access: word, tri-byte, half-word, or byte.

OutEn )
The memory controller asserts this write input to enable the tri-
state outputs of the IDT79R3020 address and data signals.

Request
The Write Buffer asserts this signal to inform the main memory
system that it has data to be written to memory. .

Acknowledge
The main memory system asserts this signal when it has cap-
tured the data presented by the Write Buffer on the DataOut lines.
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Write Buffer - Main Memory Interface Timing

Figure 6 illustrates the timing for the transfer of data from the
Wirite Buffer to the main memory system. The sequence illustrated
in this figure is as follows:
1) When the Write Buffer has a data-address pair for transfer to

the memory system, it asserts the Request signal.

2) When memory system is ready to handle the Write Buffer
data, it asserts the OutEn signal to enable the Write Buffers’
address and data outputs onto the system buses.

When memory system no longer requires the Write Buffer
address and data outputs, it asserts the Acknowledge signal.

Clock \ A

3)

Request *

The Write Buffer responds to this signal by discarding the
address-data pair that was just output.

The memory system can deassert the OutEn signal to return
the Write Buffers’ address and data outputs to their tri-state
condition.

Since the Request signal remains asserted, the memory sys-
tem asserts the OutEn signal again to enable the next
address-data pair onto the system buses.

When memory system has accepted the second address-
data pair, it again asserts the Acknowledge signal. If the Write
Buffer is now empty, it responds to this signal by deasserting
the Request signal.

4)

5)

6)

7

D\

/-L\Ell

Acknowledge
OutEn @ m @

AddrOut

DataOut

Figure 6. Write Buffer — Main Memory Interface Timing

Note that the buffer’s interface to main memory is not completely
asynchronous: assertion of the Request signal by the Write Buffer
is synchronized with the rising edge of Clock, and the Acknowl-
edge signal input by main memory has a minimum set up and hold
time in relation to the Clock signal.

MISCELLANEOUS WRITE BUFFER - BOARD
LOGIC INTERFACE

The Write Buffers support several functions that utilize signals
that do not fit neatly into the descriptions of either the processor or
main memory interfaces. These functions and signals typically
involve miscellaneous logic on a CPU board and include the fol-
lowing:
byte gathering
configuration connections (Big Endian, Position 1:0)
address matching logic
error address latch logic
The sections that follow describe each of these categories.

Byte Gathering

The Write Butfers perform byte (half-word, tri-byte and word)
gathering to decrease the number of write transfers to same loca-
tion; that is, sequential writes to the same WORD address have
their data combined into the same address-data pair buffer.

Byte gathering is prohibited in the address-data pair that is cur-
rently available to the memory controller. Thus, the first write into
an empty Write Buffer will not have subsequent writes gathered
into it becausa it is currently available for output to memory. Writes
to the same location (byte) may be overwritten in the Write Buffer if
the gathering is not prohibited by the preceding rule.

The Write Buffers present address-data pairs to the main mem-
ory controller in the sequence in which they were received from the
processor except in the case of gathered data, where bytes or half
words can be collected and written 1o main memory in a single
write operation. f the address-data pair buffer is scheduled to be
output, then gathering is inhibited and the buffer contents are pre-

.

L d

sented to the main memory controller. Subsequent writes are then
placed in another buffer. No reliance should be placed in any
aspect of gathering (except that it only involves sequential writes to
the same word address) as it is not readily deterministic. Non-
sequential writes to the same word address are not gathered.

Note that gathering can require that two main memory controller
references be used to empty a single Write Buffer entry. For exam-
ple, this can occur if Bytes 0 and 3 of a word are sequentially writ-
ten. Where order in writing is important, such as in I/O controllers,
software should avoid sequential accesses to the same word. In
cases where write-read access ordering is important but reading of
the write location is not desired, such as during /O, then a write fol-
lowed by a write to a dummy location followed by a read of the
dummy location will insure the first write has occurred before con-
tinuing. Alternatively, the Request signal can be tested to deter-
mine that the Write Buffer is empty.

Configuration Logic Connections

Because of their byte gathering capability, each buffer device
internally maintains a record of each valid byte in an address/data
pair. To do this, each device must have a way of determining which
data bits within a word it is handling. The following signals deter-
mine how the write buffers handle data that is written to the
devices:

« Position 1, Position 0 - these signals (in conjunction with
BigEndian) determine how each Write Butfer decodes the
Address 1/0 and AccType 1/0 to determine if it should store
the data inputs. Refer to Figure 3 for an illustration of how
data bits are assigned to Write Buffer devices based on their
position.

BigEndian - When asserted, byte 0 is the leftmost, most
significant byte (big-endian): when deasserted, byte 0 is the
rightmost, least-significant byte (little-endian).

Address 1, Address 0 - these signals (taken from the AdrLo
bus) must be connected to all buffer devices since they
determine which byte within a word is being accessed.
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o AccType 1, AccType 0 - these inputs signals specify the data
size of a write operation as shown in Table 1.

Table 1 shows how these signals operate to specify how bytes
are saved within the Write Buffers.

Access | piiiece Bytes Accessed
1Typeo 1 0 31 Big-Endian o | a1 Little—Endian 0
11
(word) o o
1 0 o o
(triple—byte) | O 1
o 1 o o
(halfword) 1 0
o o 0o 0
(byte) 0o 1
1 0
11

Table 1. Byte Specifications for Write Operations

The lower two address bits of the device in position zero (as
determined by the two POSITION inputs) are inhibited; that is, they
are not stored directly as they are output onthe AdrLo bus. Instead,
on output, the lower two address bits are generated from the indi-
cation of the positions of the valid data bytes as determined by
above table.

MatchOut/Matchin Logic and Read Conflicts

Whenever the processor references main memory (either a write
or aread reference), the Write Buffers compare the word address
from the CPU with the word addresses stored in the buffers. If any

word address matches, the buffers assert signals that can be used
by the main memory controller to ensure that the Write Buffer is
emptied before the read access with the conflicting address has
been performed.

Figure 7 illustrates the Write Buffer signals involved in address
comparison logic. Each write buffer provides four output signals
(MatchOut A, B, C, and D) which correspond to the four buffer
ranks (A, B, C, D) in each device as shown in Figure 1. These
MatchOut signals can be externally NANDed as shown in Figure 7
to determine if the address being input matches those in any rank
of the Write Buffer.

Write Buffer 3
@—| MatchinA MatchOutA

Match!nB MatchOutB |———32>
MatchinC MatchOutC [————7Jp-
MatchinD MatchOutD f=——3m

Write Buffer 0

L MatchinA MatchOutA
MatchinB MatchOutB p———3
MatchinC MatchQutC [——3»
MatchinD MatchOutD —3»

Write Buffer 2 MatchinA
@— MatchinA MatchOutA
MatchinB MatchOutB ————3»
MatchinC MatchOutC [——3 MatchinB
MatchinD MatchOutD [
p
Write Buffer 1 MatchinC
@—{ MatchinA MatchOutA
MatchinB MatchOutB f———3
MatchinC MatchOutC f——3m MarchinD
MatchinD MatchOutD [—3»

To Main Memory
Controller

_} CONFLICT

Figure 7. Write Buffer MatchOutMatchin Logic
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The outputs of the NAND gates are fed into Write Buffers viathe
Matchin A, B, C, and D signals and are used within each device as
part of the byte gathering logic. The NAND gate outputs can be
NANDed together as shown in Figure 7 with the resultant signal
used (in conjunction with the processor's MEMRD signal) to alert
the main memory controller logic that there is a pending buffered
write that conflicts with a just-issued read. The main memory con-
troller can then delay the read access until the Request signal is
deasserted indicating that the Write Buffer has been emptied.

Error Address Latch

The write buffer incorporates an internal latch that can be loaded
with one of the buffered addresses and subsequently enabled out
onto the data lines. This feature can be used by error handling rou-
tines to read an address back from the Write Buffer and analyze or
recover from certain bus errors. Figure 8 shows the signals in-
volved in operation of this latch.

Addressin

LatchErrAddr

AddressOut
Error Address
h

EnErrAddr

Dataln

DataOut

il

Figure 8. The Write Buffer Error Address Latch

When the LatchErrAddr signal is asserted, the address currently
available to the address outputs of the Write Buffer is latched into
the internal latch. This address can then be output on the DataOut
lines by asserting the EnErrAdr signal so that the processor can

read the address in as data. Refer to the AC specifications for
timing parameters of the signals associated with the error address
latch.
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ABSOLUTE MAXIMUM RATINGS 2

SYMBOL RATING COMMERCIAL | MILITARY |UNIT
Terminal Voltage
Vierm |with Respectto [ —051047.0 | —05t0+7.0 [ V
GND
Ta ?g;’;;‘;;%u,e 010470 | -55t0+125 | °C
Toms  [(omPeralUre | 5104125 | -65t0+135 | °C
Storage
TsTG Temperature(?) -55to0 +125 —65to +150 | °C
VIN Input Voltage -051t0+7.0 -05t0+7.0 | V
NOTES:

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended pe-
riods may affect reliability.

2. VIN minimum =-3.0V for pulse width less than 15ns. VIN should not exceed
vce +0.5 Volts,

3. Not more than one output should be shorted at a time. Duration of the short
should not exceed 30 seconds.

DC ELECTRICAL CHARACTERISTICS —

RECOMMENDED OPERATING
TEMPERATURE AND SUPPLY VOLTAGE
AMBIENT
GRADE TEMPERATURE | GNP Vee
Military -55°C to +125°C oV 5.0+ 10%
Commercial]  0°C to +70°C oV 5.0+5%

OUTPUT LOADING FOR AC TESTING

COMMERCIAL TEMPERATURE RANGE (T =0°C10 +70°C, Ve = +5.0 V 1 5%)

To Device
Under Test

SYMBOL|  PARAMETER TEST CONDITIONS MIN, WAX | MIN AAX] M1, MAX, NN A N ] T
VoH Output HIGH Voltage Vce = Min, loH = -4mA 35 — |35 — 135 — |35 —}35 —| V
VoL Output LOW Voltage Vece = Min, loL = 4mA — 04| — 04| — 04| — 04| — 24| V
VH _Input HIGH Voltage'" 24 — |24 — |24 — 24 —J24a —| v
\ input LOW Voltage®? — 08— 08| — 08| — 08]— o8] V
CIN Input Capacitance M0 — |10 —|10 — |10 — |10 —| pF
Cour Output Capacitance 10 — |10 —110 —|10 —110 —{ pF
Icc Operating Current Vce = Max — 50| — 60| — 70| — 80| — 9| mA
1K Input HIGH Leakage Vi = Vce — 10 |{— 10f{— 10]|]~— 10| — 10| pA
I Input LOW Leakage ViL = GND -0 — |-10 — |-10 — |-10 ~]-10 — | pA
loz Output Tri-state Leakage VoH = 2.4V, VoL = 0.5V —40 40 |40 40 |-40 40 |40 40|40 40| pA

DC ELECTRICAL CHARACTERISTICS —
MILITARY TEMPERATURE RANGE (Ta=-65°Cto +125°C, Voc = +5.0 V 1 10%)

SYMBOL PARAMETER TESTCONDITIONS | 1&87MAz ﬁ” e | e MEE | e oMHz | uniT
VoH Output HIGH Voltage Vee = Min, loq = —4mA 35 — 3.5 — 35 — 3. \'
VoL Qutput LOW Voltage Vce = Min, loL =4mA — 0.4 — 0.4 — \]
ViH input HIGH Voltage!" 24 — | 2 \Y
Vi _Input LOW Voltage? — 08 \
CiN Input Capacitance — pF
Cout Output Capacitance — pF
Icc Operating Current 80 mA
[} Input HIGH Leakage 10 pA
IiL Input LOW Leakage { : — HA
foz Output Tri-state Leakage VoH = 2.4V, VoL = 0.5V —40 40 —40 40 —40 40 —40 40 pA

NOTES:

1. Viy should be held above Vg + 0.5 Volts.

2. ViL Min. =-3.0V for pulse width less than 15ns. V| should not fall below —0.5 Volts for longer periods.
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AC ELECTRICAL CHARACTERISTICS —
COMMERCIAL TEMPERATURE RANGE (T, +0°C 1o 70°C, Vi = +5.0V £ 5%)

SYMBOL PARAMETER M MAX) MK, MAK.| . MAK) IO MAX | MIN. Max.| UNIT
t1 Addrin (3:0) to Clock falling setup 8 — 7 = 6 — 3 — 3 — ns
t2 | Addrin (8:0) from Clock falling hold 4 —|1 4 -4 —-—}8 -8 — ns
t3 Address 1:0 to Clock falling setup 8 -7 — 6 —| 3 — |3 — ns
t4 Address 1:0 from Clock falling hold 4 —| 4 —-—14 —]13 — 13 — ns
5 Access Type 1:0 to Clock rising setup 7 — 6 — 5 — 4 — 4 — ns
6 Access Type 1:0 from Clock rising hold 3 — 3 — 2 — 2 — 2 — ns
t7 Addrin (7:4) to Clock rising setup 7 —}|5 —14 —| 4 — 14 — ns
8 Addrin (7:4) from Clock rising hold 3 -3 —-12 - 1 — 1 — ns
19 Dataln (8:0) to Clock rising setup 7 —|5 —|4 —~]4 —14 — ns
t10 Dataln (8:0) from Clock rising hold 3 — 3 — 2 — 1 — 1 — ns
t11 ‘WrtMem to Clock rising setup 10 — 8 — 7 —_ 6 — 6 — ns
12 ‘WrtMem from Clock rising hold 6 — |5 — |4 —]3 —|38 — ns
113 Request from Clock rising - 32| - 30V |— 2| — 16 |— 16 ns
t14 Acknowledge to Clock rising setup 12 — {11 — 6 — 4  — 4 — ns
t15 Acknowledge from Clock rising hold 7 —_ 6 — 5 — 3 — 3 — ns
116 LatchErrAdr to Acknowledge rising 5 — 5 — 5 —_ 3 — 3 — ns
17 ‘WhFull active from Clock rising — 21| — 19 }|— 17| — 9 |— o9 ns
t18 WDbFull inactive from Clock rising - 21| - 19 |- M1} —- 9 |- 9 ns
t19 QutEn to AddrOut (7:0), DataOut (8:0) valid 2 15 2 15 2 15 2 12 2 12 ns
120 QutEn to AddrOut (7:0), DataOut (8:0) tri-state | 2 15 2 15 2 15| 2 12 2 12 ns
121 MatchOut (ABCD) from Clock rising — 24— 22| — 20| — 15 |— 15 ns
t22 Matchin (ABCD) to Clock rising setup 10 —| 9 —|8 ~—|5 — |5 — ns
123 Matchin (ABCD) from Clock rising hold 3 —13 -3 —|3 —1]3 — ns
t24 ‘EnErrAdr to Data (error latch) valid 2 15| 2 152 5|2 152 15| ns
t25 EnErrAdr to Data (error latch) tri-state 2 15| 2 15 | 2 15| 2 15 | 2 15 ns
126 Address/Data out from Clock rising — 30| — 27 |— 24| — 16 |— 16 ns
t27 Reset to Clock rising, set-up 10 — |10 — |10 — 8 — 8 — ns
28 Reset from Clock rising, hold 3 —_ 2 — 1 — 1 — 1 — ns
129 Reset low pulse width 8§ —18 — 8 — 8 — 8 — | cycles
130 WbFull High from Clock rising (after Reset) - 2 - 21 |— 20 - 11 |— N ns
131 Request High from Reset low — 20| — 19| —" 18| — 16 | — 16 ns
132 Access TypOut 1:0 low from Reset low — 28| — 26 |— 25| — 23 |— 23 ns
133 Match Out (ABCD) Low from Reset low - 21}y —- 20— 20| — 15} — 15 ns
t34 Address/Data out tri-state from Reset low - ¥} - 30 f— 27| — 23} — 28 ns
) (OutEn negated)

135 Access TypeOut from Clock rising - 32— 30|— 27| — 23 }|— 23 ns
tcyc Clock Pulse Width 60 2000( 50 2000{ 40 2000| 30 2000| 25 2000 ns
tckhigh Clock High Pulse Width , 24 — (20 — |16 — |12 — [10 — ns
tcklow Clock Low Pulse Width 24 — |20 — |16 — |12 — |10 — ns
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AC ELECTRICAL CHARACTERISTICS —
MILITARY TEMPERATURE RANGE (Ta +-55°C to 125°C, Vcc = +5.0V + 10%)

SYmBeoL PARAMETER e x| i x| M WAK. M M| UNIT
t1 Addrin (3:0) to Clock falling setup 8 — 7 — — 3 — ns
t2 Addrin (3:0) from Clock falling hold 4 — | 4 ns
13 Address 1:0 to Clock falling setup 8 — | 7 ns
t4 Address 1:0 from Clock falling hold 4 — | 4 ns
5 Access Type 1:0 to Clock rising setup 7 - 6 ns
16 Access Type 1:0 from Clock rising hold 3. — 1 3 ns
t7 Addrin (7:4) to Clock rising setup 7 — | 5 ns
8 Addrin (7:4) from Clock rising hold 3 — 1 8 ns
9 Dataln (8:0) to Clock rising setup 7 — | 5 ns
t10 Dataln (8:0) from Clock rising hold 3 — 3 ns
ti1 WrtMem to Clock rising setup 10 — | 8 ns
t12 ‘WrtMem from Clock rising hold 6 — 1|5 ns
t13 Request from Clock rising — ns
t14 Acknowledge to Clock rising setup 12 ns
115 Acknowledge from Clock rising hold ) 7 ns
116 LatchErrAdr to Acknowledge rising 5 ns
17 ‘WbFull active from Clock rising — ns
118 ‘WoFull inactive from Clock rising - ns
t19 OutEn to AddrOut (7:0), DataOut (8:0) valid 2 ns
120 OutEn to AddrOut (7:0), DataOut {8:0) tri-state 2 ns
t21 MatchOut (ABCD) from Clock rising — ns
122 Matchin (ABCD) to Clock rising setup 10 ns
23 Matchin (ABCD) from Clock rising hold 3 ns
124 ‘EnErrAdr to Data (error latch) valid 2 ns
t25 ‘EnErrAdr to Data (error latch) tri-state 2 ns
t26 Address/Data out from Clock rising — ns
127 ‘Reset to Clock rising, set-up 10 ns
128 Reset from Clock rising, hold ns
129 Reset low pulse width cycles
130 WoFull High from Clock rising (after Reset) — ns
131 Request High from Reset low — ns
132 Access TypOut 1:0 low from Reset low — ns
133 Match Out (ABCD) Low from Reset low — ns
134 Address/Data out tri-state from Reset low — ns
(OutEn negated)

135 Access TypeQOut from Clock rising — ns
teye Clock Pulse Width 60 S 2000 ns
tckhigh Clock High Pulse Width 24 ns
tcklow Clock Low Pulse Width 24 — | 20 — | 16 — |12 — ns
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IDT79R3020 RISC CPU WRITE BUFFER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

T o/ \

cock /Y A \ )
"I b ‘—'{'12
WTMEM \ /
I
Adrin3:0 _\
(AdrLo)
ty ty
Address1:0
- ] e
AccType1:0 )
t7 _'| tg
Adrin7:4 -.l —_—\
(Tag)
tg tio
Dataln
‘—’l ta
REQUEST \ /

Acknowledge

LatchErrAdr

Clock

WTMEM

REQUEST

WbFull

Acknowledge

"I tis "—’i tis

/ T\
tye jo—s] :

Figure 9. Write Buffer Timing Specifications
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Figure 10. WBFULL Signal Timing Specifications
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IDT79R3020 RISC CPU WRITE BUFFER MILITARY AND COMMERCIAL TEMPERATURE RANGES

OutEn \

DataQut
AddrOut
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Figure 11. OUTEN Timing Specifications
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Figure 12. Match and Error Latch Timing Specifications
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Figure 13. Address/DataOut, Access Type Out
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IDT79R3020 RISC CPU WRITE BUFFER MILITARY ANb COMMERCIAL TEMPERATURE RANGES
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Figure 14. Reset Timing
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IDT79R3020 RISC CPU WRITE BUFFER MILITARY AND COMMERCIAL TEMPERATURE RANGES

68-PIN CPGA FOR R3020
PIN GRID ARRAY (CERAMIC) - BOTTOM VIEW

ACC- | Ac- | AD- [cLocK| DATA- | DATA- | DATA- | DATA- | vcc2
L TYPEO |KNOWLJDRESS1 INO IN2 IN4 IN6
. EDGE
GND1 | vcc1 | Acc- | AD- | _BIG- |_EN-. | DATA- | DATA- | DATA- | GND2 | DATA-
K TYPE1 [DRESSO|ENDIAN|[ERROR-| IN1 IN3 IN5 IN7
. ADR
ADDR- | ADDR- . ) DATA- | ADDR-|
J | ouTs | ouT4 : IN8 INO
ADDR- | ADDR- . ADDR- | ADDR-
H | OuUT3 | OUT2 ) . i : IN1 IN2
ADDR- | ADDR- ADDR- | ADDR-
G | OuT1 | ouTo IN3 IN4
DATA- | DATA- o ADDR- | ADDR-
F | ouTs | ouTo : IN5 IN6
DATA- | DATA- ) ADDR- | LATCH-
E | ouT1 | ouTe |- ‘ . IN7 | ERR-
ADR
.| pATA- | ADDR- ' MATCH-| MATCH-
D | OUT3 | OUTs | INA INB
| ADDR- | Acc- MATCH-| MATCH]
¢ | ouUT7 | TYPE ' INC IND
OuTH ;
ACC- | GNDO | DATA- | DATA- | _BE- _ |MATCH-IMATCH-| RESET| PO- | vcca | GND3
B | TYPE OUT7 | OUT4 |QUEST| OUTC | OUTA SITIONO
ouTo
A VCCO | DATA- | DATA- [WBFULL|MATCH-|MATCH-|WTMEM| PO- |OUTEN
OuUT5 | OUT6 ouTD | ouTB SITION1
1 2 3 4 5 6 7 8 9 10 11
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IDT79R3020 RISC CPU WRITE BUFFER MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION
PLASTIC LEADED CHIP CARRIER

(TOP VIEW)
EREE
eEEE w2233 =2
33332[62288k,. 82
oggggbboooo‘“m:.’:mm
SEEEEbRsEE5E 888
>oomo§m§§§§§u:mn.o>

9 87 65 43 2 1 6867 666564636261
vsso [ 10 ® 60 [ vssa
ACCTYPEOUTO 1 Index 59 ] MATCHIND
ACCTYPEOUT1 12 58 [C1 MATCHING
ADDROUT? 13 57 [ MATCHINB
ADDROUT6 14 56 1 MATCHINA
DATAOUT3 15 55 ] LATCHERRADR
DATAQUT2 16 54 1 ADDRIN7
DATAOUT1 17 53 [_] ADDRING
DATAOUTO 18 521 ADDRINS
DATAOUTS 19 51 [1 ADDRIN4
ADDROUTO 20 50 1 ADDRIN3
ADDROUT1 21 49 [ ADDRIN2
ADDROUT2 22 48 [] ADDRIN1
ADDROUT3 23 47 ] ADDRINO
ADDROUT4 24 46 [ DATAINS
ADDROUTS 25 45 [ DATAIN7
"~ vsst 26 44 ] vss2
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

viotbiuuuuuguaoood

O - WO -lZX|C Qo -
8Eggggsgozzzzzzzg
>;‘;5m%§%4é§§§ﬁ§§§>

CoFEEMOI0C s g < x <<«
02288l [gsoaoocacaoan
< Q<< |f
< P4
(&1 w
<
ORDERING INFORMATION
XXXXX XX X ) X
Device Type Speed Package Process/
Temp. Range )
\—‘ Blank Commercial
‘B Military
| @ 68-Pin PGA
1w 68-Pin PLCC
‘16 16.67 MHz
20 20.0 MHz
25 25.0 MHz
l 33 33.33 MHz
‘40 40.0 MHz
| 79m3020 RISC CPU Write Buffer




16-BIT CMOS
MULTILEVEL

Integrated Device Technology, Inc.

PIPELINE REGISTERS

IDT73200
IDT73201

FEATURES:

» IDT73200: Eight 16-bit high-speed pipeline registers

» IDT73201: Seven 16-bit high-speed pipeline registers
plus a direct feed-through path

12ns to 20ns access time

Programmable multilevel register configurations
Powerful instruction set: transfer, hold, load directly
Functionally replaces four Am29520s

Read/Write buffer for 32-bit RISC/CISC microprocessors
Applications as temporary address storage or
programmable pipeline registers for DSP products
Coefficient storage for FIR filters

Three-state outputs

TTL-compatible

Produced with advanced submicron CEMOS™
high-performance technology

Available in 48-pin plastic and ceramic DIP and 52-pin
surface mount PLCC o

« Military product compliant to MIL-STD-883, Class B

DESCRIPTION:
The IDT73200 and IDT73201 are mutilevel pipeline
registers. With IDT's high-performance CEMOS™

technology, the IDT73200 and IDT73201 have access times
of 12ns. .

The IDT73200 contains eight 16-bit registers which canbe
configured as one 8-level, two 4-level , four 2-level or eight
1-level pipeline registers.

The IDT73201 contains seven 16-bit registers and a direct
feed-through path. The seven registers can be configured as
one 7-level, a 4-level plus a 3-level, three 2-level or seven
1-level pipeline registers. )

An eight-to-one output multiplexer allows data to be read
from any one of the registers or fromthe feed-through path on
the IDT73201. Three input control pins (SELo-SEL2) select
which of the multiplexer inputs are directed to the output (Yo—
Y1s).

These pipeline registers are ideal for high throughput,
vector-oriented operations such as those in digital signal
processing (DSP). The IDT73200 and IDT73201 can also be
used as quick access scratch pad registers for general
purpose computing.

The two pipeline registers are packaged in 48-pin plastic
and ceramic DIPs for through—hole designs as well as 52-pin
PLCC and LCC for surface mount designs. Military grade
product is manufactured in compliance with the latest revision
of MIL-STD-883, Class B.

FUNCTIONAL BLOCK DIAGRAMS

Do-D1s Do-D1s
CLK MUX CLK MUX
b EREG
b F REG P FREG |
VIR
D G REG D G REG
MUX
p HREG |
! ] ,
SELo-SEL2—3 MUX | SELo-SEL2-324{ MUX ]
CE POWER [+—GND OE POWER [+ 3ND
S| \7
o —l15 % CONTROL 1 SUPPLY  le—vcc lo-115-% coNTROL 16 l— Vcc
CEN—| LOGIC Yo-Y15 CEN— LOGIC Yo-Yis5
2562 drw 01 2562 drw 02
IDT73200 IDT73201
CEMOS s a of Integrated Device Technology Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990
©1990 Integrated Device Technology, Inc. 6.5 ' DSC-9036/1
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IDT73200, IDT73;

201

16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS
S &
=k w1 NDEX @ vello.-ao g7 TS
J O 2 47 Ia \y—rn—mﬂ—_rl;ﬁﬁ%zﬂ:‘l—\
CEN O3 463 Yo TEFT T T2 1525150 43 48 47
Do [} 4 4517 Y ‘Da[]s :‘ 46[] NC
D1 Os 4 Y2 D419 45[] GND
D2[]s 4317 Y3 Ds[]10 44[]Y4
pagz 421 GND Ds [111 43f] Ys
D4 O} 8 40 Y4 D7 [112 42[] Ye
Ds [} s 200 Ys GND [113 al]y?
g: E :‘1’ 2: 3 z‘; Veo [114 J52 - 1 wol] vee
ano g2 P81 a7 vee Da [ 115 3911 GND
Vec O 13 cag-2 36 [0 GND Do (116 38[] Vs
Ds [] 14 35[7 Ys D10 [147 37[] Yo
DDQ E 15 34 \\/(9 D11 [11e 36[] Yio
10 16 33 10 .
D
D11 [ 17 32 Yn 12 _]19 35[: i
D12 ] 18 313 GND NC [120 34[] GND
p1s O 19 %[ vie WEEEEEEEEEEEL D
D14 [] 20 20 v I S
D15 [] 21 287 Y1 aég{ddddo;;;;%
SEL> [ 22 2711 Y15 » Do 2562 drw 03
SEL1 [ 23 261 OE
SELo 0 24 251 CLK PLCC
TOP VIEW
DIP
TOP VIEW
PIN DESCRIPTIONS
Pin Name o Description
Do- D15 1 Sixteen-bit data input port.
Yo-Y1s (o] Sixteen-bit data output port. )
lo-13 | Four control pins to select the register operation performed.
SELo- SEL2 | Three control pins to select the register appearing at the output.
CLK | Clock input.
CEN | Clock enable control pin. When this pin is low, the instruction lo-13 is performed on the registers.
When high, no register operation occurs.
OE 1 Output enable control pin. When this pin is high, the output port Y is in a high impedance state.
" When low, the output port Y is active.
Vee Power supply pin, 5V.
GND Ground pins, OV.
2562 1ol 01
IDT73200 OUTPUT SELECTION IDT73201 OUTPUT SELECTION
SEL2 SEL1 SELo Y Output SEL2 SEL1 SELo Y Output
0 0 0 A-—Yo-Yis 0 0 0 A—>Yo-Yis
0 0 1 B—Yo-Yis 0 0 1 B Yo-Yis
0 1 ] C—-Yo-Yis 0 1 0 C-oYo-Yis
0 1 1 D-Yo-Yis 0 1 1. D> Yo-Yis
1 0 0 E - Yo-Yis 1 0 0 E->Yo-Yis
1 0 1 F-Yo-Yis 1 0 1 F—>Yo-Yis
1 1 0 G- Yo-Yis 1 1 0 G- Yo-Y1s
1 1 1 H—->Yo-Yis 1 1 1 Do-Dis— Yo-Y15
TRITT2 pisrai v
6.5 2




IDT73200, 1DT73201

16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT73200 INSTRUCTION TABLE

I l2 I lo Mnemonic Function Pipeline Levels
0 0 0 0 LDA Do-~Dis— A 1
0 0 0 1 LDB Do-Di5s—B 1
0 0 1 0 LDC Do-Dis—»C 1
0 0 1 1 LDD Do-Dis—~»D 1
0 1 0 0 LDE Do-Di1s » E 1
0 1 0 1 LDF Do-Dis»F 1
0 1 1 0 LDG Do—-Di5s » G 1
0 1 1 1 LDH Do-Dis > H 1
1 0 0 0 LSHAH Do-Di5s—-A—-5B->C—>D-5>E->F->G-oH 8
1 0 0 1 LSHAD Do-Dis->A->B—->C—-D 4
1 0 1 0 LSHEH Do~-Dis5>E—->F—-5G-—H 4
1 0 1 1 LSHAB Do-Dis—->A—-B 2
1 1 0 0 LSHCD Do-Dis—»C—oD 2
1 1 0 1 LSHEF Do~-Dis>E—-F 2
1 1 1 0 LSHGH Do-Di55>G—H 2
1 1 1 1 HOLD Hold All Registers —

IDT73201 INSTRUCTION TABLE

2562 tbl 04

I3 l2 h Io Mnemonic Function Pipeline Levels
0 0 0 0 LDA Do-Dis - A 1
0 0 0 1 LDB Do~D15— B 1
0 ol 1 0 LbC Do-Dis>C 1
0 0 1 1 LDD Do-Dis »D 1
0 1 0 0 LDE . Do-Dis—>E 1
0 1 0 1 LDF Do-Dis»F 1
0 1 1 0 LDG Do-D15s - G 1
0 1 1 1 HOLD Hold All Registers —
1 0} o0 0 LSHAG Do-Di5s-5>A—-B-5>C-H>D-E->F-G 7
1 0 0 1 LSHAD Do-Dis-A-B—->C-D 4
1 0 1 0 LSHEG Do-Dis—->E—->F->G 3
1 0 1 1 LSHAB Do-Dis—>A—->B 2
1 1 0 0 LSHCD Do-Di5—>C—D 2
1 1 0 1 LSHEF Do-Dis>E—>F 2
1 1 1 0 LDG Do-D15 > G 1
1 1 1 1 HOLD Hold All Registers —

2562 th! 05
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1DT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT73200 PIPELINE CONFIGURATIONS

IDT73201 PIPELINE CONFIGURATIONS

Eight 1-Level Four 2-Level Seven 1-Level Three 2-Level
$i=0 $i=4 Yi=11 $1=13 }1-0 =4 yi1=11 J1=-13
A [ _E A E A J[_E LA L E ]
$|=1 hss l 1=1 d1=5 l
F LB JLF B L fF 1 LB J[_F ]
1=12 $1-14 $1=2 $1=6,14 =12
1_}—| [_' G_ l C c ][ 6 ] ¢ L e J [c ]
$1-3 $1=7 1=3
[ D J[H [ D H
Two 4-Level One 8-Level One 4-Level, One 3-Level One 7-Level
| 9 L -10 {l 8 3 $i1-0 $1=10 y1-8 ;_‘
I l ] [ T J A 1L E_ 1 A _] E
LTH TjITHTI e [ F 1 B Il[F ]
y
Lcl: 11 Cf 1 Cc J.e 1 C G c_1|l& 1
N N N N W H r:b l:‘?é
2562 drw 04
ABSOLUTE MAXIMUM RATINGS" CAPACITANCE (TA = +25°C, F = 1.0MHz)
Symbol Rating Commercial [ Military |unit| | Symbol Parameter(") Conditions | Typ. | Unit
Vee Power Supply -0.5t0+7.0 | -0.5t0+7.0 | V CIN Input Capacitance VIN = 0V 10 pF
Voltage Cout | Output Capacitance Vout = 0V 12 pF
VTERM | Terminal Voltage -0.5t0 ~0.5to Vv NOTE: 2562101 07
with Respect vec+0.5 vee+0.5 1. This parameter is sampled at initial characterization and is not 100%
to GND tested.
TA Operating 010 +70 -55t04125 | °C
Temperature
TBIAS | Temperature —5510+125 | —6510 +135 | °C TEST CIRCUIT
Under Bias Test Switch
TsTG Storage —5510+125 | —651t0 +155 | °C tPLZ Closed
Temperature tPzL Closed
lout DC Output 50 S0 mA T
Current Open Drain Closed
NOTE: p—— All Other Tests Open
DEFINITIONS: 256210l 10

1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This s a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

CL = Load capacitance indludes jig and probe capacitance.

RT = Termination should be equal to ZouT of the pulse generator.
(Typically 500)

VIN =0V to 3.0V

INPUT: tr = tt = 2.5ns (10% to 90%) unless otherwise specified
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1DT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
Commercial: 0°C to +70°C, 5V + 5%; Military: -55°C to +125°C, 5V + 10%

Symbol Parameter Test Condition Min. Max Unit
VIH High-Level input Voltage — 2.0 — Vv
viL Low-Level Input Voltage — - 0.8 \'
IH High Level Input Current Vce = Max. Vi=Vce — 10 pA
L Low-Level Input Current Vce = Max. Vi= GND —_ -10 pA
VoH High-Level Output Voltage | Vcc = Min., 24 — v
loH = -8mA(COM'L.), -6mA(MIL.)
VoL Low-Level Output Voltage vee = Min., - 0.4 v
loL = 16mA(COM'L.), 12mA(MIL.)
VIK Input Clamp Voltage ll= ~18mA — -1.2 \
los Short Circuit Output Vce = Max., Vo = GND -20 —_ mA
Current® Vi = Vcc or GND
lozH High Impedance Output Vce = Max. Vi = Vcc — 20 pA
Current
loz Low Impedance Output Vee = Max. Vi= GND — =20 pA
Current
NOTES: 2562 tbl 08
1. For conditions shown as Min. or Max., use appropriate value based on temperature range.
2. Notmore than one output should be shorted at one time. Duration of the short circuit test should not exceed 100 milliseconds.
POWER SUPPLY CHARACTERISTICS
Symbol Parameter Test Conditions!" Min. | Typ.? | Max. [ Unit
lccac Quiescent Power Supply Current Vce = Max. — 2 10 mA
Vi= VLC or VHC
lccat ® Quiescent Power Supply Current Vee = Max. — 15 45 mA
Inputs HIGH Vi=3.4V )
lccor®® Dynamic Power Supply Current Vee = Max. _ COM'L. — 10 30 mA
Outputs Disabled, OE = HIGH
fcp = 10MHz, 50% Duty Cycle | MIL. — 10 40
. Vi< VHe, Vi2 Vic
lccor™ Dynamic Power Supply Current vee = Max. _ COM'L. — 10 60 mA
Outputs Disabled, OE = HIGH
fcp = 40MHz, 50% Duty Cycle | MIL. —_ 10 80
Vi< VHe, Viz Vic
NOTES: 2562 tbl 09
1. For conditions shown as Min. or Mm use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading, not production tested.
3. This parameter is not directly testable but is derived for use in the total power supply calculation.
4. Ic = JQUIESCENT + lINPUTS + IDYNAMIC
Ic = Iccac + (lccat x DHx NT) + leco
lccac = Quiescent Current
lecat = Power Supply Current for a TTL High Input (VIN = 3.4V)
DH = Duty Cycle for each TTL Input High
NT = Number of TTL Inputs at DH
lccp = Dynamic Charge moved by an input transition pair (HLH or LHL)
All currents are in milliamps and all frequencies are in megahertz.
6.5 5



1DT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS
Commerical: TA = 0°C to +70°C, VcC = 5V 15%; Military: TA = -565°C to +125°C, Vcc = 5V £10%

Commercial : Military
73200012 73200L15 73200L15 73200120
73201L12 73201L15 73201L15 73201L20
Parameter Min. | Max. Min. | Max. Min. | Max. Min. | Max. Unit
CLK to Yo-Y15 Propagation Delay — 12 — 15 —_ 15 — 20 ns
SELo-SEL2to Yo-Y15 Propagation Delay — 12 — 15 — 15 — 20 ns
Do-D15 to CLK Set-up Time 3 — 4 — 4 — 5 - ns.
Do-D1s to CLK Hold Time 1 - 2 — 2 — 3 —_ ns
lo—I3 to CLK Set-up Time 4 — 5 - 5 — 6 — ns
lo-13 to CLK Hold Time 2 - 2 — 2 — 3 — ns
CEN to CLK Set-up Time 4 — 5 — 5 — 6 — ns
CEN to CLK Hold Time 2 — 2 — 2 — 3 — ns
OF Enable Time!" — 9 — 10 — 10 - 13 ns
OE Disable Time(" — 8 — 9 — 9 _ 13 ns
CLK Pulse Width HIGH 5 — 5 — 5 — 6 — ns
CLK Pulse Width LOW 5 — 5 — 5 — 6 — ns
CLK Period — 12 — 15 —_ 15 —_ 20 ns
Data In to Data Out Flowthrough®® — 12 —_ 15 — -15 - 20 ns
NOTES: 256210l 11
1. Output Enable and Disable times measured to 500mV change of output voltage level.
2. 73201 only.
AC TEST CONDITIONS tozov
Input Pulse Levels GND to 4.0V Vcc 5000
Input Rise/Fall Times . 4ns PULSE Yi" D R_.L
Input Timing Reference Levels 1.5V GENERATOR L—;
Output Reference Levels 1.5V RT §°L°“
Output Load See Figure 1 SOpI;l-
25621 12 T 2562 drw 0

Figure 1. AC Output Test Circuit

CMOS TESTING CONSIDERATIONS
There are certain testing considerations which must be 3) Definition of input levels is very important. . Since many

takeninto account when testing high-speed CMOS devices in inputs may change coincidentally, significant noise at
an automatic environment. These are: the device pins may cause the ViL and ViH levels not to be
1) Proper decoupling at the test head is necessary. Place- met until the noise has settled. To allow for this testing/
ment of the capacitor set and the value of capacitors used board induced noise, IDT recommends using ViL<0V and
is critical in reducing the potential erroneous failures ViH 2 3V for AC tests.
resulting from large Vce current changes. Capacitorlead 4) -Device grounding is extremely important for proper de-
length must be short and as close to the DUT power pins vice testing. The use of multi-layer performance boards
as possible. with radial decoupling between power and ground planes
2) Allinput pins should be connected to a voltage potential isrequired. The ground plane must be sustained fromthe
during testing. If left floating, the device may begin to performance board to the DUT interface board. All
oscilliate causing improper device operation and possible unused interconnect pins must be properly connected to
latchup. the ground pin. Heavy gauge stranded wire should be

used for powerwiring and twisted pairs are recommended
to minimize inductance.
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1DT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION
IoT XXXXX XX XX X X
Device  Power Speed Package Process/
Type: Temperature
Range

Blank  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

P Plastic DIP

(o} Sidebraze DIP

J Plastic Leaded Chip Carrier
| 12 Soesd inN J
| 15 peed in Nanoseconds
| L Low Power

| 73200 16-Bit 8-Level Pipeline Register

I 73201  16-Bit 7-Level Pipeline Register

2562 drw 06

6.5



®
FAST CMOS OCTAL PRELIMINARY
E dt REGISTER TRANSCEIVER :ggsglg
WITH PARITY 3
Integrated Device Technology, Inc.
FEATURES: « Even parity generation from Port B to Port A
+ Two bidirectional interfacing ports + Parity polarity controf ‘
« Single-level pipeline register for one port and one-level * High output drive capability: 64/48mA (commercial/
(73211) or two-level (73210) pipeline register for the military)
other port * Available in 32-pin, 300 mil plastic DIP and sidebraze
- 8-bit wide interface ports plus parity bit DIP, surface mount 32-pin SOJ and LCC packages
+ Even parity checking in both directions * High-speed, low-power, CEMOS™ process technology
- Even/odd parity generation from Port A to Port B + Military product compliant to MIL-STD-883, Class B
FUNCTIONAL BLOCK DIAGRAM
Ao-s AOCE PEPRB Vcc GND2-o
POWER
SUPPLY
Y TQZo—e

cp »b REGX »& REGZ

A
QXo-8 tB
9 ‘ MUX le
POLARITY A A :
9 9
Y [
Even Parity Ev:g/ﬁ%dd Complement | Even Parity —MM— Even Parity S;ﬁg,
Check Generation Parity Check Check Generation
A . A
9 9 ' 9
Wo-8 QYo-8
REG Y e
LATCHW [« IDT73210 BEN
J N LATCHY
IDT73211 LE
A
v
DX SEL
| }
PERHA -Bﬁ 80—8 2594 drw 03
CEMOS ks a of Device Technology Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990

©1990 Integrated Device Technology, Inc. 6.6 DSC-9035/1
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IDT73219, IDT73211
FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

" MILITARY AND COMMERCIAL TEMPERATURE RANGES

APPLICATIONS

» Cache memory bus interface

« Read and write butfers for RISC microprocessor system
* Registered transceiver with parity

FUNCTIONAL DESCRIPTION

The IDT73210/1 Octal Register Transceivers are high-
speed, low-power data interface with data integrity checking
capability.

They are designedfor high-performance systems requiring
bidirectional data transfer between two buses and maintain-
ing error checking via parity.

In any RISC or CISC microprocessor system, the
IDT73210/1 canbe usedto interface cache memory with main
memory. Data integrity is ensured through parity checking.
Control features allow dynamic reconfiguration of
check/generate and odd/even parity options.

Detailed Functional Description

Port A to Port B Path (IDT73210 and IDT73211) is
comprised of aregister (X), an even/odd parity generator and
an even parity checker. The input data is on the Ao-8 lines.
When AEN is low, Ao-8 is latched into Register X on the low-
to-high CP transition. Even parity of the latched data is
checked. If PERRA goes high, a parity error has occurred. A
new parity bit, Bs, is generated. The output data bus is Bo-s
and is enabled when BOE is low.

Port B to Port A Path (IDT73210) is comprised of a latch
(W), two registers (Y and Z), an even parity generator/checker
and a parity bit latch complementor. The input data bus is on
the Bo-8 lines.

When SEL is high, the incoming data is latched into Latch
W. When LE is high, Latch W is transparent; when LE is low,
Latch W is closed. The parity bit, Bs, can be complemented
by the POLARITY pin. If POLARITY is low, the parity sense
remains the same. If POLARITY is high, the parity sense is-
complemented. Parity is not generated in this path. Even
parity of latched datais checked. !f PERRB goes high, aparity
error has occurred. When BEN is low, Wo-s is latched into
Register Z on the low-to- -high CP transition. The previous
contents are held in Register Z it BEN is high or if there is no

low-to-high CP transition. The output data bus is Ao-8 and is
enabled when AOE is low. When SEL is high, there is only a
one clock cycle latency. .

When SEL is low, the incoming data is latched into Register
Y on the low-to-high CP transition, when BEN is low. Even
parity of the registered data is checked. If PERRB goes high,
aparity error has occurred. Even parity (QYs) is generatedon
the contents in Register Y. When BEN is low, the contents of
register Y are transferred to Register Z on the low-to-highCP
transition. WhenBOE is low, the content of Register Zis made
available at output Port A. When SEL is low, there is a two
clock cycle latency.

Port B to Port A Path (IDT73211) is comprised of a latch
(W), two registers (Y and Z), an even parity generator/checker
and a parity bit latch complementor. The input data bus is on
the Bo-8 lines. '

When SEL is high, the incoming data is latched into Latch
W. When LE is high, Latch W is transparent; when LE is low,

" Latch W is closed. The parity bit, Bs, can be complemented

by the POLARITY pin. If POLARITY is low, the parity sense
remains the same. If POLARITY is high, the parity sense is
complemented. Parity is not generated in this path. Even
parity of latched data is checked. If PERRB goes high, a parity
error has occurred. When BEN is low, Wo-8 is latched into
Register Z on the low-to-high CP transition. The previous
contents are held in Register Z it BEN is high or if there is no
low-to-high CP transition. The output data bus is Ao-8 and is
enabled when AOE is low. When SEL is high, there is only a
one clock cycle latency.

When SEL is low, the incoming data is latched into Latch Y
whenLE is high. LatchYis closedwhenLEis low. Evenparity
of latched data is checked. If PERRB goes high, a parity error
has occurred. Even parity (QY8) is generated on the contents
in Latch Y. When BEN is low, the contents of Latch Y are
transferred to Register Z on the low-to-high CP transition.
When BOE is low, the content of Register Z is made available
at output Port A. When SEL is low, there is a one clock cycle
latency.

The power pins are Vcc and GNDo-2. GNDois internal quiet
ground, GND1 is Port B ground and GNDz2 is Port A ground.
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IDT73210, IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS("
BEN ] 1 32(7 SEL
BOE [ 2 310 AOE
Bo O3 3001 Ao
B1 O 4 291 A1
B205 281 A2
BaO6 27{1 A3
B4 37 P322, 261 A4
GNDo ) 8 038?'2 2501 Veo
GND1 [ 9 241 GND2
Bs Cj 10 Sos2:2 2301 As
Bs O 11 22 g As
Br O 12 21 A7
Bs (4 13 203 As
PERRB [ 14 19(0 PERRA
LE O 15 18(0 AEN
CP [ 16 173 POLARITY
2594 drw 02
DIP/SOJ
TOP VIEW
NOTE:
1. GNDo s intemal quiet ground
GNDt1 is B Port ground
GND2is A Port ground
PIN DESCRIPTIONS
Pin Name Vo Description
Ao-s o Data Port A.
AEN I Clock enable (active low) for the register X.
AOQE | 3-state output enable for Port A.
Bo-s o Data Port B.
BEN | Clock enable (active low) for the registers Y and Z.
BOE 1 3-state output enable for Port B.
LE I Latch enable input for Latch Y/Latch W of Port B. The Latch Y/Latch Wis open when LE is high. Dataiis latched
on the high-to-low transition of LE.
SEL | Input selection for Port B.
SEL = 0 Register Y; SEL=1 LatchY
POLARITY ! Polarity selection input.
Polarity A to B Direction B to A Direction
0 EVEN Pass Parity
1 obD Complement Parity
PERRA o) Parity output error for Port A.
PERRB o Parity output error for Port B.
cp | Input clock.
Vece +5 volts.
GNDo-2 Ground.

2594 tl 01
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IDT73210,

IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

OPERATING MODES SUMMARY
IDT73210/1 A TO B DIRECTION

Output
Input Reg. X PERRA (Bs) Bo-g
Ao-8 | Ao-8 —» QXo-8 | Result of even | Even/odd parity bit QXo-8 — Bo-8
(CP = Lo to Hi)| parity check Ba = POLARITY XOR | (BOE = 0)
(AEN = 0) Even parity generate
from QXo-7
2584 Bl 02
IDT73210/1 B TO A DIRECTION WHEN SEL = 1
Reg.Z Output
Input Latch W PERRB (QZs) QZo-8 (As) Ao-s
Bo-8 | Bo-8 » Wo-8 |Result of even | Bit complemented Wo-8 - QZo-8 As = POLARITY XOR QZo-8 — Ao-8
(LE = 1) parity check by POLARITY (CP = Lo to Hi) We (AOE = 0)
(Even/odd parity (BEN = 0)
translation)
2594 11 03
IDT73210 B TO A DIRECTION WHEN SEL =0
Reg.Z Output
Input Reg. Y PERRB (QZs) QZo-8 (As) Ao-s
Bo-s | Bo-8 — QYo-8 | Result of even | Even parity generated| QYo-8 — QZo-8 | As = Even parity QZo-8 — Ac-8
(CP = Lo to Hi)| parity check bit (CP = Lo to Hi) generated from QYo-7 (BOE = 0)
(BEN = 0) (BEN = 0)
2594 tl 04
IDT73211 B TO A DIRECTION WHEN SEL =0
Reg.Z Output
Input Latch Y PERRB (QZs) QZo-8 (As) Ac-s
Bos | Bo-8 — QYo-8 | Resuit of even | Even parity generated| QYo-8 - QZo-8 | As = Even parity QZo-8 — Ao-8
(LE=1) parity check bit (CP =LotoHi) | generatedfrom QYo-7 (BOE = 0)
(BEN = 0)

2594 1 05




IDT73210, IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILUTARY AND COMMERCIAL TEMPERATURE RANGES
CACHE
R3000 MEMORY
34 | 36

ax(74FCT823) | | 5x(20FCTsR)

32 4

]

A

Y
Address + Acc Type (0, 1) Data

Data Bus Chip Count=9 Pin Count =176

CACHE
R3000 MEMORY

34 36

axarciezs) | | ax7ern |

32

¥
Address + Acc Type (0, 1) Data

Data Bus Chip Count=4 Pin Count = 128
Saves 10ns in the Critical Data Path

2504 drw 04

Figure 1. R3000 System with No Parity Support in Maln Memory
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FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES
CACHE
R3000 MEMORY
34 36
[ 4x(7arcTeas)| | sx(2ercTse)
32 | 4

| 4 x (280) I—— Eﬁg"ry

36

Y
Address + Acc Type (0, 1) Data + Parity

Data Bus Chip Count=9 Pin Count = 176

CACHE
R3000 MEMORY
34 36
| 4 x (74FCT823) | | 4x 7W|——> Eﬁz"ry
36
Address + Acc Type (0, 1) Data + Parity

Data Bus Chip Count=4 Pin Count =128

2504 drw 05

Figure 2. R3000 System with Parity Support in Main Memory
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FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES
osc FPU L3244
cpPU ] QI | ] | Cache -
4 x 60 Bits
o Data $
Reset —» i 2 AddrLo 18
AL | |5 @[ z]
. . =) <
Init Options —»{ g 3 Tag e 9 D Cache |+
Match S ™ x60Bis
Intr 5-0 —»] > 1e
T 20+1+3
M
FCT240A
L I C1 {1 11t
g Bs-o Bs-o Be-o0 Bs-o As-0 As-0 As-0 As-o
> cp -[: cP L—»ICcP
! Vec—LE e 73210 73210 73210 | 73210
Bus&, Mem Buffered 73210 | 73210 [—* 73210 | 73210 AOE PERRA,B
Rd & Wr Rd&Wr |  Sys Clock As-0 | As-o Aso | Aso Bso | Bs-o | Bso | Bso
PAL State Machine l l l l i t 1 I
ACE Address XEn Data + Parity

2594 drw 06

Figure 3. Read and Write Buffers Using Eight IDT73210/1




IDT73210, IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES
ABSOLUTE MAXIMUM RATINGS(" CAPACITANCE (TA = +25°C, f = 1.0MHz)
Symbol Rating Com’l. Mil. Unit Symbol Parameter(" Conditions Typ. | Unit
VTERM | Terminal Voltage | —0.5to —05t0 v Cin Input VIN = OV 5 pF
with Respect Vcc+ 05 | Vec+ 05 Capacitance
to Ground Cout | Output Vourt = oV 7 pF
Vee Power Supply -0.5t0+7.0| -0.5t0 +7.0| V Capacitance
Voltage : Cvo Input — Output Vout = oV 7 pF
TA Operating Oto+70 |-55t0+125| °C Capacitance
Temperature NOTE: 2594 11 07
TBIAS Temperature -5510 +125{ 6510 +135| °C 1. This parameter is sampled and not 100% tested.
Under Bias
TstGa Storage -5510 +125|{-65t0 +150 | °C
Temperature
PT Power Dissipation 1.2 1.5 W
lout Total Output 200 250 mA
Current
NOTE: 2594 bl 06
1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
spocification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE
The following conditions apply unless otherwise specified:
Commercial: TA = 0°C to +70°C, VcC = 5.0V + 5%; Military: TA = -55°C to +125°C, Vc¢ = 5.0V +10%

Symbol Parameter , _ Test Conditions!" Min. | Typ.? | Max. | unit
VIH Input HIGH Level . Guaranteed Logic HIGH Level 2.0 — — \]
ViL Input LOW Level Guaranteed Logic LOW Level —_ — 0.8 \
IH Input HIGH Current vee = Max. Except 110 — — 10 pA

- Vi= 2.7V I/0 pins — — 20
h Input LOW Current vce = Max. Except /0 — — -10 RA
Vi= 0.5V 170 pins — — -20
VIK Clamp Diode Voltage Vee = Min,, IN = ~18mA —_ -0.7 -1.2 \
los Shart Circuit Current vee = Max.®), Vo= GND | PERRA, PERRB -30 — | 150 | mA
Ao-8, Bo-s -20 — -75
VoH Output HIGH Voltage Vee = Min. loH = —12mA MIL. 2.4 3.3 — \
VIN = VIH or ViL IoH = —15mA COM'L.
VoL Output LOW Voltage Vee = Min. Ao-8 loL = 48mA MIL. — 0.3 0.5 \
VIN=ViHorViL | Bos loL = 64mA COM'L.
Vece = Min. PERRA | loL = 20mA MIL.
VIN=ViHorViL | PERRB | loL = 24mA COM'L.
VH Input Hysteresis for CP only | Vcc =5V — 200 — mV
NOTES: 2594 thl 09

1. For conditions shown as Min. or Max., use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, +25°C ambient, not production tested.
3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed 100 millisecond.
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IDT73210, IDT73211
FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES

POWER SUPPLY CHARACTERISTICS
‘Commercial: TA = 0°C to +#70°C, Vcc = 5.0V + 5%; Military: TA = -55°C to +125°C, Vcc = 5.0V + 10%
VLC = 0.2V; VHC = Vce - 0.2V

Symbol Parameter Test Conditions(" Min. | Typ.? | Max. | Unit
lccac Quiescent Power Supply Current | Vcc = Max., VIN = GND or Vcc — 0.001 2.0 mA
lccar Quiescent Power Supply Current | Vcc = Max. COM'L. — 3 10 mA

TTL Inputs HIGH VIN = 3.48) MIL. — 3 15
lccos Dynamic Power Supply vee = Max. VIN 2 VHC — 6.0 15 mA
Current® Outputs Disabled VINS VIC
fcp = 10MHz
50% Duty Cycle
fi = SMHz
lcco2 Dynamic Power Supply vee = Max. VIN 2 VHC — 24 60 mA
Current'®) Outputs Disabled VINS Ve
fcp = 40MHz
50% Duty Cycle
fi = 20MHz
NOTES: 2594 b1 08

1. For conditions shown as Min. or Max., use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading, not production tested.
3. This parameter is not directly testable but is derived for use in the total power supply calculation.
4. 1c = lQUIESCENT + lINPUTS + IDYNAMIC

lc = lccac + lccat DHNT + lcco

lccac = Quiescent Current :

lccar = Power Supply Current for a TTL High Input (ViN = 3.4V)

DH = Duty Cycle for TTL Inputs High

NT = Number of TTL Inputs at DH

lccp = Dynamic Current caused by an Input Transition Pair (HLH or LHL)

All currents are in milliamps and all frequencies are in megahertz.
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IDT73210, IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE
TA =0°C to +70°C; VcC =5V 5%
CL =50pF; RL=500Q

Parameter Description Min. Typ.V Max. Unit
tPLH Propagation Delay - —_ 10.0 ns
tPHL Clock to Ao-8 (AOE = Low)
Clock to Bo-8 (BOE = Low)

tPHL Propagation Delay —_ —_ 85 ns
CP to PERRA, PERRB

tPHL Propagation Delay — — 7.0 ns
POLARITY to Bo-8

tPHL Propagation Delay - 85 ns
Bo-s to PERRB
LE = High

ts Set-up Time —_ ns
Ao-8, Bo-s8, POLARITY, SEL to CP

tH Hold Time - ns
Ao-8, Bo-8, POLARITY, SEL to CP

ts Set-up Time — — ns
AEN, BEN to CP Low-to-High

tH Hold Time — —_ ns
AEN, BEN to CP Low-to-High

ts Set-up Time 2.0 — — ns
Bo-8 to LE

tH Hold Time 15 —_ — ns
Bo-8 to LE

ts Set-up Time 3.0 — —_ ns
Bo-8 to CP to Low-to-High; LE = High

tH Hold Time 1.5 — — ns
Bo-8 to CP to Low-to-High; LE = High

tPZH Output Enable Time —_ —_ 7.0 ns

tPzL AOE to Ac-8, BOE to Bo-8

tPHZ Output Disable Time — — 6.5 ns

trLz ACOE to Ao-8, BOE to Bo-8

tPWH Clock Pulse Width High 7.0 5.0 — ns

tPWL Clock Pulse Width Low 7.0 5.0 —_ ns

NOTE: 2594 1l 10
1. Typical values are at Vcc = 5.0V and +25°C ambient, not production tested.
6.6 10
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FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES

SWITCHING CHARACTERISTICS OVER MILITARY OPERATING RANGE
‘TA =-55°C to +125°C; VcC =5V +10%
CL =50pF; RL=500Q

Parameter

Description

Min.

Typ.D

Unit

tPLH
tPHL

Propagation Delay
Clock to Ao-8 (ACE = Low)
Clock to Bo-8 (BOE = Low)

12.2

ns

tPHL

Propagation Delay
CP to PERRA, PERRB

10.6

ns

tPHL

Propagation Delay
POLARITY to Bo-8

ns

tPHL

Propagation Delay
Bo-8 to PERRB
LE = High

Set-up Time
Ao-8, Bo-8, POLARITY, SEL to CP

ns

ns

Hold Time

ns

Ao-s, Bo-s, POLARITY, SEL to CP

Set-up Time
AEN, BEN to CP Low-to-High

ns

Hold Time
AEN, BEN to CP Low-to-Hig|

Set-up Time
BostoLE

ns

ns

Hold Time
Bo-sto LE

ns

ts

Set-up Time i
Bo-8 to CP to Low-to-High; LE = High

3.0

ns

tH

Hold Time )
Bo-8 to CP to Low-to-High; LE = High

1.5

ns

tPZH
tPZL

Output Enable Time
AOE to Ao-8, BOE to Bo-8

7.0

ns

tPHZ
tPLZ

Qutput Disable Time
AOE to Ao-8, BOE to Bo-8

6.5

ns

tPWH

Clock Pulse Width High

ns

tPwL

Clock Pulse Width Low

ns

NOTE:

1. Typical values are at Vcc = 5.0V and +25°C ambient.

2584 bl 11
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IDT73210, IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES
Vvee
ESD
PROTECTION
IiH lou
INPUTS O
- OUTPUTS
[
loL
- 2594 drw 07
= —1 2594 drw 08
Figure 4. Input Interface Circuit -
Figure 5. Output Interface Circuit
Vce
VIN
Pulse
Generator D.UT]
Rt

—_— = —_— 2594 drw 09

DEFINITIONS: -
CL= Load capacitance: includes jig and probe capacitance
Rt = Termination resistance: should be equal to ZouT of the Pulse Generator

Figure 6. AC Test Load Circuit

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V Test Switch
Input Rise/Fall Times 1V/ns Open Drain Closed
Input Timing Reference Levels 1.5V Disable Low
Output Reference Levels 1.5V Enable Low
P : All other Tests Open
Output Load See Figure 6 2501 01 13

2594 tbf 12
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IDT73210, IDT73211
FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION
IDT __ XXXX X X
Device Type Package Process/
Temperature
Range

BLANK

Y

|
| 7P

| 73210

] 73211

Commercial (0°C to +70°C)
Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

32-pin Small Outline IC (J-Bend)
32-pin Thin Plastic Dip (300mil wide)

8-bit One Single, One Double Pipeline Registers
8-bit Two Single Pipeline Registers
2594 drw 10
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RISC MODULE PRODUCTS

Maximizing the performance of R3000 systems means
designing with very high-speed components and finely tuning
PC board layouts to work at very high clock rates. IDT offers
a variety of pre-built, pre-tested RISC subsystems that can be
used to eliminate this part of the design task.

Roughly three by six inches in size, the modules are builton
8-10 layer PC boards with components surface mounted on
both sides. Most modules include at least the CPU, optional
FPA, cache RAMs and Read/Write Buffers. The high-speed
clock is also on the module, along with some reset, interrupt
and control logic. The net effect is to put all of the very high-
speed logic onto a tightly integrated, independent subsystem

that can be purchased like a component. The modules are
100% burned-in and tested at the rated speed.

The modules are designed around several different archi-
tectures. Within a given architecture, there is a range of
speeds and cache sizes to choose from. Allthe modules with
the same architecture are plug compatible, so price/perform-
ance options are easy to offer in the end system by simply
selecting the appropriate RISC SubSystem module.

Prototyping development systems are available for each
module architecture to serve as a starting point for additional
hardware and software development.
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Integrated Device Technology, Inc.

R3000 CPU MODULES " IDT7RS101
FOR GENERAL APPLICATIONS

FEATURES:

« R3000 CPU on 3.7" x 6.5" plug-in module

« 64K each Instruction and Data Caches

« On-board clock generation

« Four-word read buffer for block refill. Single

word write buffer

+ On-board parity generation

« Five user interrupts into on-board register

« Avallable with or without Floating Point

Accelerator

- Cache supports full 32-bit address space

» 100% burn-in and functional test at rated speed

POWERFUL GENERAL PURPOSE R3000
MODULE:

The IDT7RS101 is a complete reduced instruction set
computer (RISC) CPU, based on the MIPS R3000 RISC
processor, and supplied on a small fully-tested high-density
plug-in module. The module includes the R3000 CPU, 64
Kbytes each of data and instruction cache memory, a single
word write buffer and a four-word read buffer to support
block refill. Clock generation, reset, control and interrupt
functions are included on the module to simplify the remain-
der of the system design. Parity bits on incoming data words
may be generated automatically on the module, transparent
to the rest of the system. Alternatively, parity may be
handled in the user system, with on-board circuits only
performing optional parity check functions. Five userinter-,
rupts are provided with an on-board clocked register to'
ensure synchronized activity with the R3000 timings.

The module is constructed using surface mount devices
ona3.72by 6.5" epoxy laminate board, and is connected to
the user's system via four 50-pin Insulation Displacement
Connectors. .

508064 E08B00
SASEAEBEELBHN
B58

»

7RS101 Module. Actual Size 3.72" x 6.50 "

RSD 101p/AR

OCTOBER 1990

©1990 Integrated Device Technology, Inc.

71

DSC-9030/1
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IDT7RS101
R3000 RISC CPU MODULE

PRODUCT BRIEF

ARCHITECTURAL HIGHLIGHTS

Four-word Read Buffer

The 7RS101 includes a single write buffer and a four-
worddeep read buffer. Cache read miss operations (memory
data notcurrently stored inthe cache) may be handled either
with a four-word block refill or with a single-word fetch and
cache update. Allcontrol signals are available to implement
either option. Address mapping can be used to force block
refills on some addresses (for example, instructions) and
single-word updates onother addresses (forexample, data).

Clock Generation

The clocks for both the R3000 and the R3010 are auto-
matically generated on the module using a very accurate
and stable delay line driven by a single user-supplied input

_clock signal. There are three buffered clock output signals

for use with external control logic and system timing, each
of whichis anidentical inverted version of the R3000 output,
SYSOUT#.

Parity Generation

The R3000 Processor requires incoming data words to
consist of 32 bits of data and 4 bits of parity. The 7RS101
module canbe set to either of two modes for parity handling.
It can check parity and report errors on incoming data that
consists of 32 data bits and 4 parity bits. Inthe other mode,
itcan generate parity on 32 bits of incoming data and supply
the full 36 bits to the CPU.

Initialization Options

The R3000 requires mode selection to be made during
the RESET initialization sequence. The 7RS101 module
provides three pins that can simply be tied High or Low by
the user to select some of the R3000’s options: Instruction
Streaming on or off, Partial Word Store on or off, and
BigEndian or LittleEndian byte order.

User Interrupts

Six user interrupt inputs are provided. Each of these is a
negative-true signal, terminated with a 4.7K ohm pull-up
load resistoronthe module, so pins may be left unconnected
if they are not used. The interrupt signals are clocked into
an Interrupt Input Register on the module by the CPU clock
SYSOUT. This ensures that the interrupt inputs to the
R3000 are synchronized to its clock. One of the interrupts
is a reserved for use by the R3010 FPA; the other 5 are
available for the user.

Buffered Outputs

The address and data lines coming out of the module are
buffered, and can support substantial bus drive. All control
signals except those coming directly from the R3000 or
R3010 are also buffered.
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IDT7RS101
R3000 RISC CPU MODULE PRODUCT BRIEF

FUNCTIONAL BLOCK DIAGRAM

CPU Controls

3

Osclin
R3000 and R3010
Reset = - Reset f»-Read
Int's =———— Interrupts
Read
Busy
SysOut SYSOUT
ADRLO TAG .

Latch ) Latch

Address Address

_ Data
D-Cache I-Cache

Read Addr Write Addr Write Data Read Data
Buffer Buffer Buffer : Buffer and
- . Parity Gen

Address Bus Data Bus
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IDT7RS101

R3000 RISC CPU MODULE

PRODUCT BRIEF

SIGNALS PROVIDED ON MODULE PINS

Signal Type Functional Description

MD00-MD31 {e] Memory data lines to/from main memory system.

PARO-PAR3 e} Parity bits for data lines. Unconnected if on-board parity generation selected.

MAO0-MA31 ouT Memory address lines to main memory system. These are registered outputs.

CA2-CA3 ouT Block refill counter outputs. These lines are normally used instead of MA02-MAO03, since they are the
outputs of the counter used to implement the 4-word block refill function.

RACT(0:1) ouT Positive-true outputs indicating the states of the R3000 outputs, ACCTYP(0:1), which identify the
size of data transactions for read/write cycles. These are registered outputs, like MA00-MA31.

BACT2 ouTt Buftered ACCTYP(2) output from R3000, used to distinguish between cache and non-cache memory
operations,

AOE# IN Negative-true input to enable the 3-state register output pins, MA00-MA31 and RACT(0:1).

UINTO-UINTS IN User interrupt inputs. Each has a 4.7K ohm pullup load resistor. UINT1 is reserved for R3010 FPA
usage.

OSCIN IN Oscillator input clock signal. (2x clock rate).

MRES# IN Negative-true master reset input.

RESSW1-3 IN Mode selection inputs used to determine R3000 setup options during reset initialization sequence.
Each has a 4.7K ohm pullup load resistor. Jumpers or switches to ground select the desired options.

SYSOUT1-3 ouT Buffered clock outputs for synchronizing external events. Each of these is an identical clock signal,
representing the inverted form of the R3000 output, SYSOUT#.

MEMRD# ouT Direct negative-true output from R3000, used to indicate that a memory read cycle is in progress.

MEMWR# ouTt Direct negative-true output from R3000, used to indicate that a memory write cycle is in progress.

RBSY IN Positive-true input used to request a memory read stall initiation and termination. This signal is
normally held in its asserted state and de-asserted at the completion of CPU stalls.

WBSY# IN Negative-true input used to request a busy indication for subsequent memory write operations.

BLKR# IN Negative-true input used to request a block read sequence for read operations from main memory.

AEN# IN Negative-true input used to enable the clock for loading the address register.

CEN IN Positive-true input used to enable the increment of the block refill address counter for pins CA2-CAS3.

PHOLD IN Positive-true input used to inhibit clocking of the read buffer. This signal is normally the complement
of the CEN input.

WOE# IN Negative-true input used to enable the data output drivers for main memory write cycles.

WCTL# IN Negative-true input used to enable the clock to load data into the write data register for main memory.
write cycles.

CPCO IN Direct input to R3000 Processor, used to indicate the size of the data (block, word, byte, or other) for
memory read cycles.

CPC1 ouT Connection betweenthe R3000 Processor and the R3010 FPA. Indicates the status of the conditional
branch. This pin is provided for diagnostic purposes, only.

EXC# ouT Direct output from R3000, indicating the EXC# signal between the R3000 and the R3010.

RUN# ouT Negative-true output from the R3000, indicating that the R3000 is in its RUN state (not stalled).

BERR# IN Negative-true input to R3000 (with 4.7K ohm pullup), indicating a bus error in main memory.

FPA# ouT Negative-true output from R3010, indicating the presence of R3010 FPA on the module.

POE# IN Negative-true input with 4.7K ohm pullup resistor, used to enable the on-board parity generation logic.
it is left unconnected if parity is to be handled by user system.

PERR# ouT Negative-true output which indicates a parity error on incoming data when on-board parity generation
is not selected.

TAGV ouT Tag validity indicator, connected between R3000 and cache memory. Provided for diagnostic
purposes, only.
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IDT7RS101
R3000 RISC CPU MODULE

PRODUCT BRIEF

RELATED PRODUCTS

Prototyping System

The 7RS101 module can be placed into immediate ser-
vice using our flexible 7RS301 Prototyping Platform. The
systemincludes two boards: a general purpose CPU board,
and a personality card that interfaces the module to the CPU
board.

The CPU board contains 1Mb of main memory, 256K of
EPROM, two RS232 serial ports, an 8254 counter/timer,
and an 8-bit parallel port accessible through a dual port
RAM. Four 50-pin connectors provide access to all the
address, data, and control signals for external connectionto
additional hardware on, for example, a wire-wrap board.

The system includes IDT’s Software Integration Man-
ager, which provides facilities for downloading code,
examining memory, and stepping through programs.

The personality card is on a separate board, and provides
a bed for the module, necessary control signals, and con-
nectors for an HP 16500 Logic Analyzer.

Code for the R3000 can be created on a MIPS develop-
ment system, on IDT's MacStation™ system, orusing IDT's
PC-based cross assembler and compiler products. As-
sembled code can be downloaded into the Prototyping
System for execution and debug.

ORDERING INFORMATION
Ordering Part Number CPU FPA I-cache D-cache Speed Other
7RS101F66A16A R3000A R3010A 64K 64K 16 MHz
7RS101F66A20A R3000A R3010A 64K 64K 20 MHz
7RS101F66A25A R3000A R3010A 64K 64K 25 MHz
7RS101F66A30A R3000A R3010A 64K 64K 30 MHz
7RS101N66A16A R3000A None 64K 64K 16 MHz
7RS101N66A20A R3000A None 64K 64K 20 MHz
7RS101N66A25A R3000A None 64K 64K 25 MHz
7RS101N66A30A R3000A None 64K 64K 30 MHz

ADDITIONAL INFORMATION

For detailed technical specifications on this module refer to the 7RS101 Product Specification and User's Manual.

CUSTOM OPTIONS

Some features of the 7RS101 can be modified on special order. Contact your IDT sales office for information.
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Integrated Device Technology, Inc.

R3000 CPU MODULES IDT7RS102
FOR COMPACT SYSTEMS

FEATURES:

« Cache Size: 16K Instruction, 16K Data

» Extremely small size: 3.2" x 3.9"

« Processor Speeds up to 25 MHz

- Includes R3010 Floating Point Accelerator

« Single word Read and Write Buffers

= 100% burn-in and functional test at rated speed

R3000 MODULE FOR GENERAL USE IN
SMALL SYSTEMS:

The IDT7RS102 is a complete reduced instruction set
computer (RISC) CPU, based on the MIPS R3000 RISC
processor, and supplied on a small fully-tested high-density
plug-in module. The module includes the R3000 CPU, the
R3010 Floating Point Accelerator,16 Kbytes each of data
and instruction cache memory, a single word read buffer and
a single word write buffer.

Cache misses are handled with single word read re-
quests to memory, providing a simple interface to any type
of main memory system.

The module is constructed using surface mount devices
on a 3.2" by 3.9" epoxy laminate board, and is connected to
the user's system via 144 pins located intwo pin row regions
on the board.

7RS102 Module. Actual Size 3.2"x 3.9 "

RSD PB102AR

DECEMBER 1990

©1990 Integrated Devica Technology, Inc.
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IDT7RS102
R3000 RISC CPU MODULE

PRODUCT BRIEF

ARCHITECTURAL HIGHLIGHTS

Small and Simple

The 7RS102 module is designed to be as small as
possible and to provide a simple interface to the user's
system. The 16K caches are the smallest useful for most
systems.

R3010 Floating Point Accelerator

The R3010 Floating Point Accelerator (FPA) is included
as anintegral part of the module. It operates in conjunction
with the R3000 RISC Processor and greatly improves the
system performance by expanding the instruction set to
include very fast floating point capabilities. All timing and
control connections are on the module and are completely
transparent to the user.

Clock Generation

The clockinputstothe 7RS102 are the direct connections
to the clocks for both the R3000 and the R3010. These
clocks must be generated in the user system and applied to
the module.

Cache Memory

Cache memory is provided on the module for a capacity
of 16K bytes for each of the two R3000 cache memory
systems (instruction Cache and Data Cache). Memory
operations which require main memory data transfers are
conveniently handled by means of a variety of on-board
control signals.

Cache read miss operations are handled as single-word
fetch and cache update. Non-cache read operations (such
as l/0 reads) are indicated by means of control signals and
are easily accomodated by the user.

Parity Generation

The R3000 Processor requires incoming data words to
consist of 32 bits of data and a 4-bit parity code. Each of the
4 parity bits applies to a particular byte in the word. The
required parity is even. The user system is required to
generate parity for incoming data to the module and may
optionally check parity for data being passed to mainmemory.

Address and Data Buffers

The address and data lines coming out of the module are
buffered and can support substantial drive requirements.
The address pins are direct outputs from registers and
include the signals MACTO-MACT2. The three-state output
drivers may be disabled by de-asserting the output enable
control line, AOE. This is not normally done, but is provided
as a feature for systems which may require it.

The data pins are driven by Bi-directional Registers.
Enable/disable control of the three-state output drivers is
accomplished with the signal, DOE. Memory write cycles
utilize a single-word write buffer on the module which
permits the R3000 Processor to continue running while data
is being written into main memory. USER INTERRUPT
INPUTS

R3000 User Interrupts

Six user interrupt inputs are provided, INTO-INT5. Each
ofthese is a negative-true signal, terminated witha 10K ohm
pullup load resistor on the module. In this way, the pin may
be left unconnected if it is not to be used. The interrupt
signals are connected directly to the interrupt pins of the
R3000 Processor. INT1 is a reserved pin on this version of
the module and is required for use by the R3010 FPA. Asa
result, it may not be used and must be left unconnected.
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R3000 RISC CPU MODULE PRODUCT BRIEF
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IDT7RS102

R3000 RISC CPU MODULE

PRODUCT BRIEF

SIGNALS PROVIDED ON MODULE PINS

Signal Name Type Description

MD00-MD31 ro Memory data lines to/from main memory system.

MPARO-MPAR3 ro Parity bits for data lines. Parity must be supplied to the 7RS102 moduls, in accordance with R3000
requirements.

MAO00-MA31 ouT Memory address lines to the main memory system. These are registered outputs.

MACTO0-MACT2 ouT Positive-true outputs indicating the states of the R3000 outputs, ACCTYP(0:2), which identify the
nature of the data transactions for read/write cycles. These are registered outputs, like MAOO-MA31.

MTAGV ouT Registered TAGV output from R3000.

ACCTYP2 ouT Unbuffered ACCTYP(2) output from R3000, used to distinguish between cache and non-cache
memory operations.

AOE# IN Negative-true input to enable the three-state register output pins, MAOO-MA31, MACT0-MACT2, and
MTAGV.

INTO-INTS IN Interrupt inputs. Each has a 10K ohm pullup loadresistor. INT1 is reserved for R3010 FPA usage.

CLK2XPHI IN Clock input for R3000 and R3010. Timings must conform to R3000 specifications.

CLK2XRD IN Clock input for R3000 and R3010. Timings must conform to R3000 specifications.

CLK2XSYS IN Clock input for R3000 and R3010. Timings must conform to R3000 specifications.

CLK2XSMP IN Clock input for R3000 and R3010. Timings must conform to R3000 specifications.

MRES# IN Negative-true master reset input. Connects directly to R3000 RES# input pin.

SYSOUT1-3 IN Buffered clock outputs for synchronizing external events. Each of these is an identical clock signal,
representing the inverted form of the R3000 output, SYSOUT#.

MEMRD# ouTt Direct negative-true output from R3000, used to indicate that a memory read cycle is in progress.

MEMWR# ouT Direct negative-true output from R3000, used to indicate that a memory write cycle is in progress.

RBSY IN Positive-true input used to request a memory read stall initiation and termination. This signal is
normally held in its asserted state and deasserted at the compl;etion of stalls.

WBSY# IN Negative-true input used to request a busy indication for subsequent memory write operations.

ACE# IN Negative-true input used toenable the clock for loading the address register.

RDEN# IN Negative-true input used toenable the clock for loading the data register for memory read cycles..

DOE# IN Negative-true input used to enable the three-state data outputs, MD0O0-MD31 and MPARO-MPARS.

WCTL# IN Negative-true input used to enable the clock to load data into the write data register for main memory
write cycles.

- CPCO IN Direct input to the R3000, used to indicate tha size of the data (block, word, byte, or other) for memory

read cycles.

CPC1 ouT Connection between the R3000 Processor and the R3010 FPA, indicating the status of the conditional
branch. This pin is provided for diagnostic purposes, only.

CPC2, CPC3 1/e] Direct connections to R3000 pins.

EXC# ouT Direct output from R3000, indicating the EXC# signal between the R3000 and the R3010.

RUN# ouT Negative-true output from the R3000, indicating that the R3000 is in its RUN state (not stalled).

BERR# IN Negative-true input to R3000, used to indicate a bus error in main memory.

FPA# ouTt Negative-true output fro R3010, indicating the presence of R3010 FPA on the module.
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IDT7RS102
R3000 RISC CPU MODULE

PRODUCT BRIEF

RELATED PRODUCTS

Prototyping System

The 7RS102 module can be placed into immediate ser-
vice using our flexible 7RS302 Prototyping Platform. The
system includes two boards: a general purpose CPU board,
and a personality card that interfaces the module to the CPU
board.

The CPU board contains 1Mb of main memory, 256K of
EPROM, two RS232 serial ports, an 8254 counter/timer,
and an 8-bit paraliel port accessible through a dual port
RAM. Four 50-pin connectors provide access to all the
address, data, and control signals for external connectionto
additional hardware on, for example, a wire-wrap board.

The system includes IDT’s IDT/sim System Integration
Manager, which provides facilities for downloading code,
examining memory, and stepping through programs.

The personality cardis on a separate board, and provides
a bed for the module, necessary control signals, and con-
nectors for an HP 16500 Logic Analyzer.

Code for the R3000 can be created on a MIPS develop-
ment system, on IDT’s MacStation™ system, orusing IDT’s
PC-based cross assembler and compiler products. As-
sembled code can be downloaded into the Prototyping
System for execution and debug.

Module Prototyping Platform.
The card on the left Is the personality card with a module; the card on the right Is the general purpose CPU.

ORDERING INFORMATION

Ordering Part Number CPU FPA l-cache D-cache Speed Other
7RS102-16A R3000 R3010 16K 16K 16 MHz
7RS102-20A R3000 R3010 16K 16K 20 MHz
7RS102-25A R3000 R3010 16K 16K 25 MHz
7RS102F16A R3000 R3010 16K 16K 16 MHz
7RS102F20A R3000 R3010 16K 16K 20 MHz
7RS102F25A R3000 R3010 16K 16K 25 MHz
NOTE:

1. 7RS110 module recommended for new designs.

ADDITIONAL INFORMATION

For more details on the 7RS102 module, refer to the 7RS102 Technical Specification and User's Manual.
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§ ®
tﬁi R3000 CPU MODULES IDT7RS103
idt, FOR COMPACT SYSTEMS
Integrated Device Technology, Inc.
DISTINCTIVE FEATURES: R3000 MODULE FOR COMPACT HIGH
« Three Cache Size Versions: PERFORMANCE SYSTEMS:
16K Instruction, 16K Data (7RS103-44) The IDT7RS103 is a family of interchangeable RISC CPU
32K Instruction, 32K Data (7RS103-55) SubSystem modules, based on the MIPS R3000 RISC pro-
64K Instruction, 64K Data (7RS103-66) cessor, and supplied on small fully-tested high-density plug-in
modules. The module includesthe R3000 CPU, optionally the
. Extremely small size: 2.9" x 3.7" R3010 Floating Point Accelerator, and data and instruction

cache memory. Versions are available with 16K each 1and D
cache (7RS103-44), 32K each | and D cache (7RS103-55)
and 64K eachland D cache (7RS103-66). The three versions
differ only in the length of the board. All plug into the same
socket. The delay line to generate the three R3000 2x clock
signals isincluded on the module, so the module canbedriven
from a single 2x clock.
« 100% burn-in and functional test at rated speed si;:ﬁ':ﬁg’;}];h;:‘?;gﬁ:ﬁ?bﬂ;fiefs the R3000 control
The module is constructed using surface mount devices on:
both sides of a 2.9" epoxy laminate board, and is connected
tothe user's systemvia 192 pins located in two pinrow regions
on the board.

- Processor speeds up to 25 MHz
- Optional R3010 Floating Point Accelerator

« On-board delay line to create R3000 clocks

whesiiesaRhaLE

7RS103-44 Module. Actual Size 2.9" x 3.7"

RSD PB103/B/R DECEMBER 1990

©1990 Integrated Device Technology, Inc. 7.3 0SC-9041/-
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IDT7RS103
R3000 RISC CPU MODULE

PRODUCT BRIEF

ARCHITECTURAL HIGHLIGHTS:

The Minimal Module

The 7RS103 is designed to provide an R3000 RISC
SubSystem in as small a space as possible. It includes only
the CPU (and FPA), cache memories, and a delay line to
generate the 2x clocks to the R3000. The read and write
buffers and control logic are handled off the module by the
user's system. This makes the module ideal for use with
ASICs or other unique implementations of main memory
interface.

FUNCTIONAL BLOCK DIAGRAM

The R3000 timing and control signals are brought directly
off the module. The R3000 data sheet should be consulted for
all the timing specifications. One of the interrupt inputs is
required by the R3010 on versions that include the FPA
device.

The three versions of the 7RS103 differ only in the cache
memory sizes. They are completely interchangeable.
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R3001 RISC ENGINE ADVANCE
FOR EMBEDDED CONTROLLERS INFORMATION

IDT7RS104
Integrated Device Technology, Inc.
FEATURES: R3001 MODULE WITH SYNCHRONOUS
+ 128K each of Instruction and Data RAM in MEMORY
Synchronous Memory The IDT7RS104 is a complete reduced instruction set com-
puter (RISC) CPU, based on the IDT 79R3001, an IDT
- Simple Interface to peripherals derivative of the MIPS R3000 RISC processor, and supplied
on a small fully-tested high-density plug-in module. The
« On-Board Dual UART module includes the CPU, optionally the R3010 Floating
‘ Point Accelerator, and 256K of synchronous memory di-
« On-Board DMA Control vided into 128K each for Instruction and data space. Clock
generation, reset, control and interrupt functions are in-
« Includes IDT/sim Monitor in EPROM cluded on the module to simplify the remainder of the system
design.
« On-Board 8254 Counter/Timer The 104 module takes advantage of the R3001's ability to
address large amounts of synchronous memory, permitting
- On-board oscillator, delay line, and reset the entire application programto reside in high-speed memory
circuitry : space.

The module is constructed using surface mount devices on

+ 100% burn-In and functional test at rated speed a3.7"by 6.1" epoxy laminate board, and is connected to the
user’s system via pins located in two pin row regions on the
board.

s

w 5!

7RS104 Module. Actual Size: 3.7" x 6.1"

RSD PB104/A/R DECEMBER 1990

©1990 Integrated Device Technology, Inc. 7.4 DSC-9060/-
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IDT7RS104
R3001 RISController™ ENGINE

PRODUCT BRIEF

ARCHITECTURAL HIGHLIGHTS

Complete RISC Computer

The IDT7RS104 is a complete reduced instruction set com-
puter (RISC) module optimized for embedded control appli-
cations. It is based on the R3001 RISController and in-
cludes the R3010 Floating Point Accelerator (FPA) to en-
hance performance. On-board EPROM and serial I/0 allow
the module to perform as a stand-alone computer. Alllogic
and control functions have been incorporated in the module
in order to simplify system design for the end user. An
82C54 Programmable Interval Timer is included for periodic
interrupt functions.

R3001 CPU

The module uses IDT's R3001 CPU device. The R3001 is
architecturally the same as the R3000, but permits disabling
of parity checking, thereby eliminating several bits of width
inthe synchronous memories. Itis also capable of support-
ing synchronous memory spaces larger than the 256 KB
maximum supported by the R3000. Like the R3000, the
R3001 uses the R3010 Floating Point Accelerator for high
speed arithmetic.

Simple Interface

For ease of use, all complex clock timing signals and
handshaking logic are generated on the module and are
derived from either an on-board oscillator, or an externally-
supplied clock input signal. This frees the system designer
from the task of having to design a state machine which
implements the system's handshake and arbitration func-
tions.

Large Synchronous Memory Space

Alarge "cache" memory is included on the module with 128K
byte capacity for the Instruction Cache and 128K byte
capacity for the Data Cache. This large cache allows most
embedded control software to run completely within the
cache, making external asynchronous memory unneces-
sary. :

Infact, the 7RS104 "cache" memories are intended to be the
machine's main memory. They are initially filled with in-
structions by using code in the EPROMs to move data from
module’s bus into memory using Load and Store instruc-
tions. -

Reset and Initialization Logic

Amasterresetinput triggers specialinitialization logic which
is used to set the modes of operation of the R3001 with no
userintervention required. The module is resetto Bigendian.

Two Synchronized User Interrupts ‘

There are two pins for user interrupts provided on the
module. They feed an on-board locked register to ensure
synchronized activity with the R3000. The remaining four
R3000 interrupts are used on the board: two interrupts are
dedicated to the 82C54 Timer, one interrupt is dedicated to
the 2681 DUART, and another interrupt is connected to the
R3010 Floating Point Accelerator.

TYPICAL APPLICATIONS

The 7RS104 Module is designed to be a complete R3000
based controller, with a simple asynchronous handshaking
to external I/O devices or possibly additional memory. The
two 128 KB synchronous memory blocks on the module are
intended to be large enough to store all the instructions and
dataused by the machine, so there are no cache miss stalls.
This design not only allows the system to run at maximum
performance, but also eliminates the inconsistencies in
execution speed that result from cache misses and refills in
conventional R3000 designs.
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IDT7RS103

R3000 RISC CPU MODULE

PRODUCT BRIEF

SIGNALS PROVIDED ON MODULE PINS

Pin Name Type Functional Description

D00-D31 o] Memory data lines to/from main memory system.

DPO-DP3 1o Parity bits for data lines. Parity must be supplied to the 7RS103 module, in accordance with R3000
requirements.

A00-A15 ouT Address lines from the R3000. (lower 16 bits)

T16-T31 ouT Tag lines from the R3000. (higher 16 bits)

ACCTYPO- ouT Positive-true outputs indicating the states of the R3000 ACCTYP2outputs, ACCTYP(0:2), which
identify the nature of the data transactions for read/iwrite cycles.

TAGV ouT Connection between cache and R3000.

INTO-INT5 IN Interrupt inputs. Each has a 10K ohm pullup load resistor.

EXTOSC IN External oscillator input (Needed when using on-board delay line)

ECLKHPI

ECLKRD SMP

ECLKSYS IN The 2x Clock inputs for R3000 and R3010. Timings must conform to R3000 specifications.
(Needed when not using on board delay line)

MRES# IN Negative-true master reset input. Connects directly to R3000 RES# input pin.

BSYSOUTA- ouT Buffered clock outputs for synchronizing external events.

BSYSOUTD Each of these is an identical clock signal, representing the inverted form of the R3000 output,
SYSOUT#.

BSYSOUT# ouT Buffered R3000 clock output, SYSOUT# for synchronizing external events. Non-inverted form of
SYSOUT#. . .

MEMRD# ouT Direct negative-true output from R3000, used to indicate that a memory read cycle is in progress.

MEMWR# ouT Direct negative-true output from R3000, used to indicate that a memory write cycle is in progress.

RBSY IN Positive-true input used to request a memory read stall initiation and termination. This signal is
normally held in its asserted state and deasserted at the completion of stalls. .

WBSY# IN Negative-true input used to request a busy indication for subsequent memery write operations.

CPCoO IN Direct input to the R3000, used to indicate the size of the data (block, word, byte, or other) for
memory read cycles.

CPC1 ouT Connection between the R3000 Processor and the R3010 FPA, indicating the status of the
conditional branch. This pin is provided for diagnostic purposes, only.

CPC2, CPC3 1o Direct connections to R3000 pins.

EXC# ouT Direct output from R3000, indicating the EXC# signal between the R3000 and the R3010.

RUN# ouT Negative-true output from the R3000, indicating that the R3000 is in its RUN state (not stalled).

BERR# IN Negative-true input to R3000, used to indicate a bus error in main memory.

FPA# ouT Negative-true output indicating the presence of R3010 FPA on the module.

XEN# ouT Direct negative true output from the R3000. Used for read buffers output enable.

FPINT# ouT Negative-true R3010 interrupt request.
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IDT7RS103

R3000 RISC CPU MODULE PRODUCT BRIEF
ORDERING INFORMATION
Ordering Part Number CPU FPA I-cache D-cache Speed
7RS103N44A16A R3000A NONE 16K 16K 16 MHz
. 7RS103N44A20A R3000A NONE 16K 16K 20 MHz
7RS103N44A25A R3000A NONE 16K 16K 25 MHz
7RS103F44A16A R3000A R3010A 16K 16K 16 MHz
. 7TRS103F44A20A R3000A R3010A 16K 16K 20 MHz
7RS103F44A25A R3000A R3010A 16K 16K 25 MHz
7RS103N55A16A R3000A NONE 32K 32K 16 MHz
7RS103N5S5A20A R3000A NONE 32K 32K 20 MHz
7RS103N55A25A R3000A NONE 32K 32K 25 MHz
7RS103F55A16A R3000A R3010A 32K 32K 16 MHz
7RS103F55A20A R3000A R3010A 32K 32K 20 MHz
7RS103F55A25A R3000A R3010A 32K 32K 25 MHz
7RS103N66A16A R3000A NONE 64K 64K 16 MHz
7RS103N66A20A R3000A NONE 64K 64K 20 MHz
7RS103N66A25A R3000A NONE 64K 64K 25 MHz
7RS103N66A16A R3000A R3010A 64K 64K 16 MHz
7RS103N66A20A R3000A R3010A 64K 64K 20 MHz
7RS103N66A25A R3000A R3010A 64K 64K 25 MHz

MORE INFORMATION

For more information on this module, ask your IDT sales office for the Technical Specification and User's Manual.
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PRODUCT BRIEF

BLOCK DIAGRAM
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IDT7RS104

R3001 RISControlier™ ENGINE

PRODUCT BRIEF

SIGNALS PROVIDED ON MODULE PINS

Signal Name I Type I Description

STANDARD LocalBus SIGNALS

MD00-MD31 1o Memory data lines to/from main memory system.

MA00-MA31 e} Memory address lines to main memory system. These are registered inputs/outputs.

LRD# ouT Negative-true output which indicates that a memory read cycle is in progress.

LWR# ouT Negative-true output which indicates that a memory write cycle is in progress.

RACK# IN Negative-true input which is used to indicate that the main memory read cycle initiated by the
IDT7RS105 has been completed.

WACK# IN Negative-true input which is used to indicate that the main memory write cycle initiated by the
IDT7RS105 has been completed.

BEO#-BE3# ouT Negative-true output which indicates which byte is being accessed during main memory read or
write operations. These four signals are valid only when LRD# or LWR# istrue.

UINTO IN User interrupt input. Has a 10K ohm pullup load resistor.

UINT1 IN Interrupt input which is driven by the R3010 Floating Point Accelerator on the standard module.
Has a 10K ohm pullup load resistor.

UINT2 IN User interrupt input. Has a 10K ohm pullup load resistor.

UINT3 IN Interrupt input which is driven by the 8254 Counter/Timer on the standard module. Has a 10K ohm
pullup load resistor.

UINT4 IN Interrupt input which is driven by the 8254 Counter/Timer on the standard module. Has a 10K chmy
pullup load resistor.

UINTS IN Interrupt input which is driven by the SN2681 DUART on the standard medule. Has a 10K ochm
pullup load resistor.

R3KOSCIN IN Oscillator input clock signal for the R3000/R3010. (2x clock rate).

BSYSOUT# ouT Butfered clock outputs for synchronizing external events. This signal represents the non-inverted
form of the R3000 output, SYSOUT#.

BSYSCLK A-D out Buffered clock outputs for synchronizing external events. Each of these four outputs is an identica
signal, representing the inverted form of the R3000 output SUSOUT#.

MREQ# ouTt Negative-true, one-clock cycle long output which indicates the start of a main memory read or writd
cycle.

RESET# IN Negative-true master reset input.

CPTO IN Indirect input to R3000 Processor. Transfers conditional branch status from an external
coprocessor to the R3000.

CPCt out Connection between the R3000 Processor and the R3010 FPA. Transfers conditional branch
status from the R3010 to the R3000. This pin is provided for diagnostic purposes only.

CPC2-CPC3 IN Direct inputs to the R3000 Processor. Transfers conditional branch status from external
coprocessors to the R3000.

NON-STANDARD LocalBus SIGNALS

UARTCLKOUT ouT Clock output from a 3.6864 MHz oscillator on board the module.

CLK8254 IN Clock input to the 82C54 Interval Timer. May be shorted to UARTCLKOUT by the user.

EXTCSUART# IN Negative-true input which is the chip select for the SN2681 DUART.

List continued on following page
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SIGNALS PROVIDED ON MODULE PINS (CONTINUED)

EXTCSTIM# IN Negative-true input which is the chip select for the 8254 Counter/ Timer.

INTCSUART# ouT Negative-true output of an on-board decoder. Decodes the UART address space as 0x1FE00000-|
0x1FEOFFFF. May be shorted to EXTCSUART# by the user. )

INTCSTIM# ouT Negative-true output of an on-board decoder. Decodes the Interval Timer address space as
0x1FE40000-0x1FE4FFFF. May be shorted to EXTCSTIM# by the user.

DIRECT MEMORY ACCESS (DMA) CONTROL SIGNALS

DICLK IN Latch enable to the instruction cache’s address latch which is used during DMAs.

DDCLK IN Latch enable to the data cache’s address latch which is used during DMAs.

DIWR# IN Negative-true input which is the write enable to the instruction cache RAMs. DIWR# is used
during DMAs.

DDWR# IN Negative-true input which is the write enable to the data cache RAMs. DDWR# is used during
DMAs.

DIRD# IN Negative-true input which is the output enable to the instruction cache RAMs. DIRD# is used
during DMAs.

DDRD# IN Negative-true input which is the output enable to the data cache RAMs. DDRD# is used during
DMAs.

TAGV IN Tag Valid input to the R3001. Has a 10K ohm pullup load resistor.

UDMA IN Positive-true, buffered input to the R3001’s DMA pin. Has a 10K ohm pulldown load resistor.

DCTL# IN Negative-true, buffered input which is the output enable for all of the DMA signals. Can be driven

true only after UDMA becomes true. Also acts as the output enable for the R3001 side of the
address buffers. Has a 10K chm pullup load resistor.

DAOE# IN Negative-true, buffered input which is the output enable to the main memory side of the address
buffers. Can be used only when DCTL# is true. Has a 10K ohm pullupload resistor.

DMAEN# IN Negative-true, buffered input which is the clock enable to the main memory side of the address
buffers. Can be used only when DCTL# is true.

DAEN# IN Negative-true, buffered input which is the clock enable to the R3001 side of the address buffers.
Also act as the read data clock enable to the data buffers. Can only be used when DCTL# is true.
Has a 10K ohm pullup load resistor.

DWOE# IN Negatvie-true, buffered input which is the write data output enable to the data buffers. Can gnly be
used when DCTL# is true. Has a 10K ohm pulldown load resistor.

DXEN# IN Negative-true, buffered input which is the read data output enable to the data buffers. Can only be
used when DCTL# is true. Has a 10K ohm pullup load resistor.

DUART CONTROL SIGNALS

RxDA IN Direct SCN2681 input.

RxDB IN Direct SCN2681 input.

TxDA ouT Direct SCN2681 output.

TxDB ouT Direct SCN2681 output.

1PO-IP1 IN Direct SCN2681 inputs.

IP2-IP6

OP0-OP7 ouT Direct SCN2681 outputs.
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PRODUCT BRIEF

RELATED PRODUCTS

IDT/sim

The 7RS104.module includes IDT's monitor in EPROM on
board. The IDT7RS901 System Integration Manager (IDT/
sim) is aROMable software product that permits convenient
control and debug of RISC systems built around the MIPS
R3000 architecture. It permits users to quickly develop and
debug stand-alone systems. Facilities are included to
operate the CPU under controlled conditions, examining
and altering the contents of memory, manipulating and
controlling R3000 resources (such as cache, TLB and
coprocessors), loading programs from host machines, and
controlling the path of execution of loaded programs. Re-
mote (source/symbolic) debugging is also supported.
IDT/sim requires 82Kb of EPROM space for code and data
and 16Kb of RAM space for uninitialized variable data and
stack. The minimall/O system supported uses UARTS. The
default drivers support the 2681 or 68681 devices. Other
devices can be added easily.

ORDERING INFORMATION

Prototyping Platform
A Prototyping Platform is in development for this product.
Please contact your IDT sales office for latest status and
technical information.

Ordering Part Number CPU FPA l-memory D-memory Speed Other
7RS104F77A16A . R3001 R3010 128KB 128KB 16 MHz EPROM socketed
7RS104F77A20A R3001 R3010 128KB 128KB 20 MHz EPROM socketed
7RS104F77A25A R3001 R3010 128KB 128KB 25 MHz EPROM socketed
CUSTOM OPTIONS

Most software features of the 7RS104 can be modified by special order. Contact sales office for details.

MORE INFORMATION

For more information on this module, ask your IDT sales office for the Technical Specification and User's Manual.
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Integrated Device Technology, Inc.

R3000 CPU MODULES
FOR HIGH PERFORMANCE AND
MULTIPROCESSOR SYSTEMS

IDT7RS107

FEATURES:
« Cache Size: 64K Instruction, 64K Data

» Processor Speeds up to 33 MHz

« Includes R3010 Floating Point Accelerator

1-word Read Buffer; 4-word Write Buffer
- Supports R3000 Multiprocessor Features

« Entire I-Cache can be Invalidated with external
cache reset signal

- Eight-word block refills

+ On-board oscillator, delay line, and reset
circuitry

« 100% burn-in and functional test at rated speed

R3000 MODULE FOR HIGH PERFORMANCE
CPUs AND MULTIPROCESSOR SYSTEMS:

The IDT7RS107 is a complete reduced instruction set
computer (RISC) CPU, based on the MIPS R3000 RISC
processor, and supplied on a small fully-tested high-density
plug-in module. The module includes the R3000 CPU, the
R3010 Floating Point Accelerator, 64 Kbytes each of data
and instruction cache memory, a single word read buffer and
a four-word write buffer. Clock generation, reset, control
and interrupt functions are included on the module to sim-
plify the remainder of the system design.

The 107 module is designed to support the R3000's
multiprocessor features. Data inthe D-cache can be invali-
dated by the R3000 CPU. ltis also possible to invalidate the
entire contents of the I-cache in a single cycle by using an
external cache reset signal.

The module is constructed using surface mount devices
ona5.2" by 5.2" epoxy laminate board, and is connected to
the user’s system via 195 pins located in two pin row regions
on the board.
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7RS107 Module. Actual Size 5.2" x 5.2"

RSD PB107/A/R

DECEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT7RS107
R3000 RISC CPU MODULE

PRODUCT BRIEF

ARCHITECTURAL HIGHLIGHTS

Uses R3020 Write Buffers

R3020 chips are used on the module to provide a “smart”
four-deep write buffer between the CPU and external
memory. These devices store data and addresses for up to
four write requests to main memory, and handle the hand-
shaking with the memory controller. The R3020s support
features such as byte gathering (combining multiple byte
writes to the same address in the buffer into a single write)
and address matching (a read or write to an address already
in the write buffer will be detected so the user software can
take appropriate action). The R3020's Match signals are
OR'ed on the module to produce a single output, labeled
CONFLICT.

Resettable Instruction Cache

The 7RS107 module permits invalidation of the entire
instruction cache via a “cache reset” pin on the module. This
feature is used to wipe the cache clean when the a block of
instructions in main memory have been changed by a DMA
operation. It is usually much faster than invalidating each
affecting tag individually.

Multiprocessor Invalidate In Data Cache

The module supports the R3000’s multiprocessor cache
invalidate feature, so that data cache coherency can be
maintained when data heldinthe cache is altered externally.
The R3000’s MP Stall and MP Invalidate signals are avail-
able as pins on the module. The user’s system stalls the
processor and then provides an address to the module while
signaling MP Invalidate. The module stores the address in
a latch and applies it to the cache at the right time for the
R3000 to invalidate the referenced tag.

Elght-Word Block Refill

The module refills both the instruction and data caches
from memory in eight-word blocks. Following a cache miss,
the processor will request a memory read at the missed
address and wait for a data ready acknowledgement. When
an acknowledge is received, the processor will load eight
words into cache on eight successive clock cycles. The
memory interface must supply the correct eight words (ad-
dress A4A3A2 = 0 to 7) at the processor's speed, 40 ns
intervals for a 25 MHz system. Interleaved memory is
usually the best way to support this requirement. The
processor's CPCO pin, available as a pin onthe module, can
be used to over-ride the block refill on data, but instructions
refills must always be in 8-word blocks. The processor
performs instruction streaming during the refill.

On-board Oscillator and Delay Line

All the clock generation circuitry required by the R3000
system is on the module. A jumper can be used to select
between the on-board crystal oscillator or an external oscil-
lator input. A delay line on the module is used to set the
timing for register strobes and other critical signals relative
to the R3000 clock. The R3000 clock output “SYSOUT" is
made available to the user system through eight pins on the
module, each independently buffered.

R3000 Reset and Initialization Logic

The initialization logic for the R3000 CPU is contained on
the module. A “Cold Reset” pin on the module starts the
required 15 ms reset signal to the CPU, and then provides
the initialization vectors during the last few cycles. Asecond
reset pinis providedto reinitialize the CPU without repeating
the 15 ms delay. The R3000 is initialized to “Big-Endian”
operation.

Five User Interrupt Lines

Five pins onthe module are used for user interrupt inputs.
The user interrupts are synchronized in registers on the
module before being sent to the R3000. Interrupt 2 is used
for the Floating Point Accelerator, if present.

External R3000 Condition Code Pin

The R3000 input CPCO is available as a pin on the
module. During initialization, this pin is programmed as a
Condition Code test pin, so the R3000 can do a Test and
Branch in a single cycle based on its state. During read
stalls, the pin determines whether a single word or 8 words
will be read. Reads into the instruction cache must always
be block refills.

TYPICAL APPLICATIONS

The 7RS107 module is designed for applications that run
complex operating systems, such as UNIX™, or that need
outside control of cache memory contents, such as multipro-
cessor systems,

The module supports the R3000’s ability to invalidate
entries in the data cache, allowing multiple processor sys-
tems to maintain cache coherency.

The module is offered with the maximum possible cache
sizes (64K each) that can be supported by the R3000 in a
multiprocessor configuration. These sizes are well suited to
running UNIX at very high instruction rates as well.

The R3020 Write Buffer is used to provide a four-word
deep write buffer, which is ideal for most UNIX systems.
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FUNCTIONAL BLOCK DIAGRAM

CPU Controls

R3000 and R3010

—» Read

Reset ———p Reset

PAL

Interrupts

Int's ————b
G Read
Busy

'240

. | osc
Oscin — > | pelay line F'Q Clock
_b
<m—

SYSOUT
ADRLO  TAG DATA

SysOut =3

-

|mprLaten | taten | ] | Latch

‘q-v-;-; - -

-| 1-Cache
Address ~.{Tag Clear
i ——

Address

Data ca Data

il o e o o i

Read Addr R3020 Read Data
Buffer ey Write Buffer Buffer

B B
§

Address Bus Write Request Data Bus
Write Ack

7.5 3



IDT7RS107

R3000 RISC CPU MODULE

PRODUCT BRIEF

SIGNALS PROVIDED ON MODULE PINS

Signal Name Type Description

MAO...MA31 o 32-bit address from the module to external memory. This is an output from the 3020 Write Buffer
except during the MP Invalidate function, when it is the input to the MP cache address latch.

MDO...MD31 |{e] 32-bit data bus between the module and external memory. Driven from the 3020 Write Buffer during
writes; input to the Read Data Buffer during reads.

BACTO0,1,2 o The three R3000 AccType status signals, driven from the 3020 Write Buffer during writes and from
a latch during reads.

MDPO...MDP3 o The four parity bits for the MD data. Output during writes and input during reads.

CP_CpCondo, 2, 3 | The three flag inputs to the R3000 CPU. CPCO0 is used during read stalls to control block refill of the
data cache. (The instruction cache must always be block refilled.) CPC2 and CPC3 are the MP stall
and invalidate controls.

ALOE I Data Cache Address Latch Output Enable When LOW, enables the output of the latch holding the
data cache address supplied by the R3000. It should be LOW at all times except when the MP Latch
is being used to invalidate a cache address.

MPALOE | Data Cache MP Address Latch Output Enable. This input is used to enable the output of the latch
holding the address supplied by the user system during an MP stallcycle. It should be enabled (LOW)
only during the MP invalidate operation.

BSYSOUT2...9 (0] Eight buffered inverted copies of the R3000 signal "SYSOUT" for use in the user's system.

UINT0,1,3,4,5 | Interrupt inputs to the R3000. These signals are synchronized to SYSOUT on the module. R3000
interrupt 2 is used for the Floating Point Accelerator.

BRESET o Buffered copy of the reset signal created on the module to reset the CPU. LOW during Reset.

WB_WbFull (o) Write Busy. Status signal created by the R3020 write buffer. Goes LOW to indicate the buffer is full.

CPU_BusError ! Input to the R3000 indicating a bus error has occurred.

RESETC | Cold Reset to the module. The module creates a 15 ms long reset to the R3000 and executes the
R3000 initialization sequence when this pin goes LOW.

FP_FpPresent o This signal can be used to detect the presence of an FPA on the module. To be used, it must be
connected to a 4.7K pullup resistor. The pin will be LOW if the FPA is present.

RESETI | Active LOW asynchronous clear to the I-Cache Tag RAMS. Sets the entire I-Cache invalid.
WB_OutEn | Write Buffer Output Enable. When LOW, turns on the outputs of the R3020 write buffers.
WB_Request (0] Output from the R3020 to indicate that there is datain the buffer to be written to memory. Active LOW
WB_Acknowledge | Input to the R3020 to indicate data has been written into memory.

CONFLICT o The OR of all the R3020 Match signals; indicates the address on the R3020 inputs matches one of

the addresses currently in the write buffer.

RABOE ! Read Address Buffer Output Enable. When LOW, turns on outputs of the buffers containing the read
address.

RDBCE -l Read Data Butfer Clock Enable. When LOW, enables the clock (SYSOUT) to the Read Data Buffers.

READ (0] Status signal output. LOW during reads.

RABLE | Read Address Buffer Latch Enable. When HIGH, enables the Read Address Buffer latches.

WB_LatchErrAddr | Latch Error Address input to the R3020.

WB_EnErrAddr | Enable Error Address input to R3020.

CP_MemRd o R3000 output signal. When LOW, there is a request for a read from external memory.

CP_RdBusy ! Read Busy. Input to the R3000 to indicate acknowledgment of the MEMRD request.

RESETX | Additional Reset command. Same as RESETC, but does not go through the 15 ms delay. Can be

used to re-initialize the R3000 when power is on.
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RELATED PRODUCTS

Prototyping System

The 7RS107 module can be placed into immediate ser-
vice using our flexible 7RS307 Prototyping Platiorm. The
systemincludes two boards: a general purpose CPU board,
and a personality card that interfaces the module to the CPU
board.

The CPU board contains 1Mb of main memory. 256K of
EPROM, two RS232 serial ports, an 8254 countertimer,
and an 8-bit parallel port accessible through a dual port
RAM. Four 50-pin connectors provide access to all the
address, data, and control signals for external connectionto
additional hardware on, for example, a wire-wrap board.

Al i1V
ﬁm v

The system includes IDT's Software Integration Man-
ager, which provides facilities for downloading code, exam-
ining memory, and stepping through programs.

The personality card is on a separate board, and provides
a bed for the module, necessary control signals, and con-
nectors for an HP 16500 Logic Analyzer.

Code for the R3000 can be created on a MIPS develop-
ment system, on IDT’s MacStation™ system, orusing IDT’s
PC-based cross assembler and compiler products. As-
sembled code can be downloaded into the Prototyplng
System for execution and debug.

A Module Prototyping Platform.
The card on the left Is the personality card with a module; the card on the right is the general purpose CPU.
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PRODUCT BRIEF

ORDERING INFORMATION

Ordering Part Number CPU FPA I-cache D-cache Speed Other
7RS107N66A16A R3000A NONE 64K 64K 16 MHz
7RS107N66A20A R3000A NONE 64K 64K 20 MHz
7RS107N66A25A R3000A NONE 64K 64K 25 MHz
7RS107N66A33A R3000A NONE 64K 64K 33 MHz
7RS107F66A16A R3000A R3010A 64K 64K 16 MHz
7RS107F66A20A R3000A R3010A 64K 64K 20 MHz
7RS107F66A25A R3000A R3010A 64K 64K 25 MHz
7RS107F66A33A R3000A R3010A 64K 64K 33 MHz
CUSTOM OPTIONS

Some features of the 7RS107 can be modified by special
order. Contact your IDT sales office for details.

Software modifications include: initialization mode forthe  CPU and/or FPA.

R3000, endian option, size of block refill, instruction streaming

option.

Manufacturing options include pin length, style, and plat-
ing; special marking; additional burn-in, and socketing of the
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Integrated Device Technology, Inc.

R3000 CPU MODULES IDT7RS108
WITH 256K CACHES

FEATURES:
« Cache Size: 256KB Instruction, 256KB Data

Processor Speeds up to 25 MHz

Includes R3010 Floating Point Accelerator

1-word Read Buffer; 4-word Write Buffer

Eight-word block refills

On-board Parity Generation and Check

On-board oscillator, delay line, and réset
circultry

100% burn-in and functional test at rated speed

R3000 MODULE FOR HIGH PERFORMANCE
CPUs:

The IDT7RS108 is a complete reduced instruction set
computer (RISC) CPU, based on the MIPS R3000 RISC
processor, and supplied on a small fully-tested high-density
plug-in module. The module includes the R3000 CPU, the
R3010 Floating Point Accelerator, 256 Kbytes each of data
andinstruction cache memory, a single word read buffer and
a four-word write buffer.

Clock generation, reset, parity, control and interrupt func-
tions are included on the module to simplify the remainder
of the system design.

The 7RS108 module is pin compatible with the 7RS107
and 7RS109 modules (with 64K caches), but does not
support the multiprocessing features offered by those:
modules. )

The module is constructed using surface mount devices
onab5.2" by 5.2" epoxy laminate board, and is connected to
the user’s systemvia 195 pins located in two pin row regions
on the board.
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7RS108 Module. Actual Size5.2"x 52"

RSD PB108/A/

DECEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT7RS108
R3000 RISC CPU MODULE

PRODUCT BRIEF

ARCHITECTURAL HIGHLIGHTS

Uses R3020 Write Buffers

R3020chips are used on the module to provide a “sman”
four-deep write buffer between the CPU and external
memory. These devices store data and addresses forup to
four write requests to main memory, and handle the hand-
shaking with the-memory controller. The R3020s support
features such as byte gathering (combining multiple byte
writes to the same address in the buffer into a single write)
and address matching (a read or write to an address already
in the write buffer will be detected so the user software can
take appropriate action). The R3020's Match signals are
OR'ed on the module to produce a single output, labeled
CONFLICT.

Eight-Word Block Refill

The module refills both the instruction and data caches
from memory in eight-word blocks. Following a cache miss,
the processor will request a memory read at the missed
address and wait for a data ready acknowledgement. When
an acknowledge is received, the processor will load eight
words into cache on eight successive clock cycles. The
memory interface must supply the correct eight words (ad-
dress A4A3A2 = 0 to 7) at the processor’s speed, 40 ns
intervals for a 25 MHz system. Interleaved memory is
usually the best way to support this requirement. The
processor's CPCOQ pin, available as a pinonthe module, can
be usedto over-ride the block refill. The processor performs
instruction streaming during the refill.

On-board Oscillator and Delay Line

All the clock generation circuitry required by the R3000
system is on the module. A jumper can be used to select
betweenthe on-board crystal oscillator or an external oscil-

' ~ lator input. A delay line on the module is used to set the

timing for register strobes and other critical signals relative
to the R3000 clock. The R3000 clock output “SYSOUT” is
made available to the user system through eight pins on the
module, each independently buffered.

R3000 Reset and Initialization Loglc

The initialization logic for the R3000 CPU is contained on
the module. A “Cold Reset” pin on the module starts the
required 15 ms reset signal to the CPU, and then provides
the initialization vectors during the last few cycles. Asecond
reset pinis providedto reinitialize the CPU without repeating
the 15 ms delay. The R3000 is initialized to “Big-Endian”
operation.

Five User Interrupt Lines

Five pins onthe module are used for user interruptinputs.
The user interrupts are synchronized in registers on the
module before being sent to the R3000. Interrupt 2 is used
for the Floating Point Accelerator, if present.

External R3000 Condition Code Pin

The R3000 input CPCO is available as a pin on the
module. During initialization, this pin is programmed as a
Condition Code test pin, so the R3000 can do a Test and
Branch in a single cycle based on its state. During read
stalls, the pin determines whether a single word or 8 words
will be read. Reads into the instruction cache must always
be block refills.

TYPICAL APPLICATIONS

The 7RS108 module is designed for applications that run
complex operating systems, such as UNIX™, or that need
the maximum possible performance. The module contains
the maximum possible cache sizes (256K each) that canbe
supported by the R3000.
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FUNCTIONAL BLOCK DIAGRAM
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R3000 RISC CPU MODULE

PRODUCT BRIEF

SIGNALS PROVIDED ON MODULE PINS

Slgnal Name Type Description

MAO...MA31 1o 32-bit address from the module to external memory. This is an output from the 3020 Write Buffer
except during the MP Invalidate function, when it is the input to the MP cache address latch.

MDO...MD31 [I{e} 32-bit data bus between the module and external memory. Driven from the 3020 Write Buffer during
writes; input to the Read Data Buffer during reads.

BACTO0,1,2 [¢) The three R3000 AccType status signals, driven from the 3020 Write Buffer during writes and from
a latch during reads.

MDPO...MDP3 (o] The four parity bits for the MD data. Output during writes and input during reads.

CP_CpCondo, 2, 3 I The three flag inputs to the R3000 CPU. CPCO is used during read stalls to control block refill of the
data cache. (The instruction cache must always be block refilled.) CPC2 and CPC3 are the MP stall
and invalidate controls.

ALOE | Data Cache Address Latch Output Enable When LOW, enables the output of the latch holding the
data cache address supplied by the R3000. It should be LOW at alltimes except when the MP Latch
is being used to invalidate a cache address.

BSYSOUT2...9 o Eight buffered inverted copies of the R3000 signal “SYSOUT" for use in the user’s system.

UINTO0,1,3,4,5 | Interrupt inputs to the R3000. These signals are synchronized to SYSOUT on the modute. R3000
interrupt 2 is used for the Floating Point Accelerator.

BRESET (¢] Buffered copy of the reset signal created on the module to reset the CPU. LOW during Reset.

WB_WbFull o Write Busy. Status signal created by the R3020 write buffer. Goes LOW to indicate the buffer is full.

CPU_BusError | Input to the R3000 indicating a bus error has occurred.

RESETC | Cold Reset to the module. The module creates a 15 ms long reset to the R3000 and executes the
R3000 initialization sequence when this pin goes LOW.

FP_FpPresent o This signal can be used to detect the presence of an FPA on the module. To be used, it must be
connected to a 4.7K pullup resistor. The pin will be LOW if the FPA is present.

WB_OutEn | Write Buffer Output Enable. When LOW, turns on the outputs of the R3020 write buffers.

WB_Request (¢} Output from the R3020to indicate that there is data in the buffer to be written to memory. Active LOW

WB_Acknowledge | Input to the R3020 to indicate data has been written into memory.

CONFLICT o) The OR of all the R3020 Match signals; indicates the address on the R3020 inputs matches one of
the addresses currently in the write buffer.

RABOE I Read Address Buffer Output Enable. When LOW, turns on outputs of the buffers containing the read
address.

RDBCE I Read Data Buffer Clock Enable. When LOW, enables the clock (SYSOUT) to the Read Data Buffers.

READ (e] Status signal output. LOW during reads.

RABLE | Read Address Buffer Latch Enable. When HIGH, enables the Read Address Buffer latches.

WB_LatchErrAddr | Latch Error Address input to the R3020.

WB_EnErrAddr | Enable Error Address input to R3020.

CP_MemRd (0] R3000 output signal. When LOW, there is a request for a read from external memory.

CP_RdBusy 1 Read Busy. Input to the R3000 to indicate acknowledgment of the MEMRD request.
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PRODUCT BRIEF

RELATED PRODUCTS

Prototyping System

The 7RS108 module can be placed into immediate ser-
vice using our flexible 7RS308 Prototyping Platform. The
system includes two boards: a general purpose CPU board,
and a personality card that interfaces the module to the CPU
board.

The CPU board contains 1Mb of main memory, 256K of
EPROM, two RS232 serial ports, an 8254 counter/timer,
and an 8-bit parallel port accessible through a dual port
RAM. Four 50-pin connectors provide access to all the
address, data, and control signals for external connection to
additional hardware on, for example, a wire-wrap board.

The system includes IDT’s Software Integration Man-
ager, which provides facilities for downloading code,
examining memory, and stepping through programs.

The personality card is on a separate board, and provides
a bed for the module, necessary control signals, and con-
nectors for an HP 16500 Logic Analyzer.

Code for the R3000 can be created on a MIPS develop-
ment system, on IDT’s MacStation™ system, orusing IDT’s
PC-based cross assembler and compiler products. As-
sembled code can be downloaded into the Prototyping
System for execution and debug.

A Module Prototyping Platform.
The card on the left Is the personality card with a module; the card on the right Is the general purpose CPU.
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IDT7RS108
R3000 RISC CPU MODULE

PRODUCT BRIEF

ORDERING INFORMATION
Ordering Part Number CPU FPA |-Cache D-Cache Speed Other
7RS108N88A16A - R3000A NONE 256K 256K 16 MHz
7RS108N88A20A R3000A NONE 256K 256K 20 MHz
7RS107N88A25A R3000A NONE 256K 256K 25 MHz
7RS108F88A16A R3000A R3010A 256K 256K 16 MHz
7RS108F88A20A R3000A R3010A 256K 256K 20 MHz
7RS108F88A25A R3000A R3010A 256K 256K 25 MHz

For detailed design information, contact IDT and ask for the 7RS108 Technical Specification.

CUSTOM OPTIONS

Some features of the 7RS108 can be modified by special order. Contact your IDT sales office for details.
Software modifications include: initialization mode for the R3000, endian option, size of block refill, instruction streaming

option.

Manufacturing options include pin length, style, and plating; special marking; additional burn-in, and socketing of the

CPU and/or FPA.
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Integrated Device Technology, Inc.

R3000 CPU MODULES ADVANCE

INFORMATION
IDT7RS109

FEATURES:
» Cache Size: 64K Instruction, 64K Data

- Processor Speeds up to 33 MHz

» Includes R3010 Floating Point Accelerator
« 1-word Read Buffer; 4-word Write Buffer

» Supports R3000 Multiprocessor Features
- On-Board Parity Check and Generate

- Elght-word _block refills

- On-board oscillator, delay line, and reset
circuitry

» 100% burn-in and functional test at rated speed

R3000 MODULE FOR HIGH PERFORMANCE
CPUs AND MULTIPROCESSOR SYSTEMS:

The IDT7RS109 is a complete reduced instruction set
computer (RISC) CPU, based on the MIPS R3000 RISC
processor, and supplied on a small fully-tested high-density
plug-in module. The module includes the R3000 CPU, the
R3010 Floating Point Accelerator, 64 Kbytes each of data
and instruction cache memory, a single word read buffer and
a four-word write buffer. Clock generation, reset, control,
parity, and interrupt functions are included on the module to
simplify the remainder of the system design.

The 109 module includes a latch to hold an external
address for snooping in the D-cache and is designed to
support the R3000’s multiprocessor features.

The module is constructed using surface mount devices
onab5.2" by 5.2" epoxy laminate board, and is connected to
the user’s system via 195 pins located in two pin row regions
on the board.
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RSD PB109/A/R

DECEMBER 1990

©1990 Integrated Device Technology, Inc. 7.7

DSC-9056/-
1




IDT7RS109
R3000 RISC CPU MODULE

PRODUCT BRIEF

ARCHITECTURAL HIGHLIGHTS

Uses R3020 Write Buffers

R3020 chips are used on the module to provide a “smart”
four-deep write buffer between the CPU and external
memory. These devices store data and addresses for up to
four write requests to main memory, and handle the hand-
shaking with the memory controller. The R3020s support
features such as byte gathering (combining multiple byte
writes to the same address in the buffer into a single write)
and address matching (a read or write to an address already
in the write buffer will be detected so the user software can
take appropriate action). The R3020's Match signals are
OR'ed on the module to produce a single output, labeled
CONFLICT.

Eight-Word Block Refill

The module refills both the instruction and data caches
from memory in eight-word blocks. Following a cache miss,
the processor will request a memory read at the missed
address and wait for a data ready acknowledgement. When
an acknowledge is received, the processor will load eight
words into cache on eight successive clock cycles. The
memory interface must supply the correct eight words (ad-
dress A4A3A2 = 0 to 7) at the processor’s speed, 40 ns
intervals for a 25 MHz system. Interleaved memory is
usually the best way to support this requirement. The
processor's CPCO pin, available as a pin onthe module, can
be usedto over-ride the block refill. The processor performs
instruction streaming during the refill.

On-board Oscillator and Delay Line

All the clock generation circuitry required by the R3000
system is on the module. A jumper can be used to select
between the on-board crystal oscillator or an external oscil-
lator input. A delay line on the module is used to set the
timing for register strobes and other critical signals relative
to the R3000 clock. The R3000 clock output “SYSOUT" is
made available to the user system through eight pins on the
module, each independently buffered.

R3000 Reset and Initialization Logic

The initialization logic for the R3000 CPU is contained on
the module. A “Cold Reset” pin on the module starts the
required 15 ms reset signal to the CPU, and then provides
the initialization vectors during the last few cycles. Asecond
reset pinis providedto reinitialize the CPU without repeating
the 15 ms delay. The R3000 is initialized to “Big-Endian”
operation.

Five User Interrupt Lines

Five pins onthe module are used for user interrupt inputs.
The user interrupts are synchronized in registers on the
module before being sent to the R3000. Interrupt 2 is used
for the Floating Point Accelerator, if present.

External R3000 Condition Code Pin

The R3000 input CPCO is available as a pin on the
module. During initialization, this pin is programmed as a
Condition Code test pin, so the R3000 can do a Test and
Branch in a single cycle based on its state. During read
stalls, the pin determines whether a single word or 8 words
will be read. Reads into the instruction cache must always
be block refills.

Internal Parity Check and Generate

The 7RS109 uses IDT 73211 registers for the data read
buffer. This device provides the ability to generate parity on
incoming data, if it is not already present, or to check parity
on outgoing data to detect parity errors occuring on the
module.

TYPICAL APPLICATIONS

The 7RS109 module is designed for applications that run
complex operating systems, such as UNIX™, or that need
the maximum possible performance. The module contains
the maximum possible cache sizes (64K each) that can be
supported by the R3000 in Multiprocessor configurations.
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R3000 RISC CPU MODULE PRODUCT BRIEF

FUNCTIONAL BLOCK DIAGRAM
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IDT7RS109

R3000 RISC CPU MODULE

PRODUCT BRIEF

SIGNALS PROVIDED ON MODULE PINS

Signal Name Type Description

MAOD...MA31 I} 32-bit address from the module to external memory. This is an output from the 3020 Write Buffer
except during the MP Invalidate function, when it is the input to the MP cache address latch.

MDO...MD31 l{o] 32-bit data bus between the module and extsrnal memory. Driven from the 3020 Write Buffer during
writes; input to the Read Data Buffer during reads.

BACTO0,1,2 (0] The three R3000 AccType status signals, driven from the 3020 Write Buffer during writes and from
a latch during reads.

MDPO...MDP3 10 . The four parity bits for the MD data. Output during writes and input during reads.

CP_CpCondo, 2, 3 1 The three flag inputs to the R3000 CPU. CPCO0 is used during read stalls to control block refill of the
data cache. (The instruction cache must always be block refilled.) CPC2 and CPC3 are the MP stall
and invalidate controls. ‘

ALOE | Data Cache Address Latch Output Enable When LOW, enables the cutput of the latch holding the
data cache address supplied by the R3000. It should be LOW at alltimes except when the MP Latch
is being used to invalidate a cache address.

BSYSOUT2...9 (0] Eight buffered inverted copies of the R3000 signal “SYSOUT” for use in the user’s system.

UINT0,1,3,4,5 1 Interrupt inputs to the R3000. These signals are synchronized to SYSOUT on the moduls. R3000
interrupt 2 is used for the Floating Point Accelerator.

BRESET o Buffered copy of the reset signal created on the module to reset the CPU. LOW during Resst.

WB_WbFull (o] Write Busy. Status signal created by the R3020 write buffer. Goes LOW to indicate the buffer is full.

CPU_BusError | Input to the R3000 indicating a bus error has occurred.

RESETC 1 Cold Reset to the module. The module creates a 15 ms long reset to the R3000 and executes the
R3000 initialization sequence when this pin goes LOW.

FP_FpPresent (@] This signal can be used to detect the presence of an FPA on the module. To be used, it must be

) connected to a 4.7K pullup resistor. The pin will be LOW if the FPA is present.

WB_OutEn | Write Buffer Output Enable. When LOW, turns on the outputs of the R3020 write buffers.

WB_Request (0] Qutput from the R3020 to indicate that there is data in the buffer to be written to memory. Active LOW

WB_Acknowledge I Input to the R3020 to indicate data has been written into memory.

CONFLICT (0] The OR of all the R3020 Match signals; indicates the address on the R3020 inputs matches one of
the addresses currently in the write buffer. )

RABOE I Read Address Buffer Qutput Enable. When LOW, turns on outputs of the buffers containing the read
address.

RDBCE | Read Data Buffer Clock Enable. When LOW, enables the clock (SYSOUT) to the Read Data Buffers.

READ o Status signal output. LOW during reads.

RABLE | Read Address Buffer Latch Enable. When HIGH, enables the Read Address Buffer latches.

WB_LatchErrAddr I Latch Error Address input to the R3020.

WB_EnErrAddr | Enable Error Address input to R3020.

CP_MemRd o R3000 output signal. When LOW, there is a request for a read from external memory.

CP_RdBusy | Read Busy. Input to the R3000 to indicate acknowledgment of the MEMRD request.

7.7 4



IDT7RS109
R3000 RISC CPU MODULE

PRODUCT BRIEF

RELATED PRODUCTS

Prototyping System

The 7RS109 module can be placed into immediate ser-
vice using our fiexible 7RS309 Prototyping Platform. The
system includes two boards: a general purpose CPU board,
and a personality card that interfaces the module to the CPU
board.

The CPU board contains 1Mb of main memory, 256K of
EPROM, two RS232 serial ports, an 8254 counter/timer,
and an 8-bit parallel port accessible through a dual port
RAM. Four 50-pin connectors provide access to all the
address, data, and control signals for external connection to
additional hardware on, for example, a wire-wrap board.

The system includes IDT's Software Integration Man-
ager, which provides facilities for downloading code,
examining memory, and stepping through programs.

The personality card is on a separate board, and provides
a bed for the module, necessary control signals, and con-
nectors for an HP 16500 Logic Analyzer.

Code for the R3000 can be created on a MIPS develop-
ment system, on IDT's MacStation™ system, orusing IDT's
PC-based cross assembler and compiler products. As-
sembled code can be downloaded into the Prototyping
System for execution and debug.

A Module Prototyping Platform.
The card on the left is the personality card with a module; the card on the right Is the general purpose CPU.
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IDT7RS109
R3000 RISC CPU MODULE

PRODUCT BRIEF

ORDERING INFORMATION

Ordering Part Number CPU FPA l-cache D-cache Speed Other
7RS109N66A16A R3000A NONE 64K 64K 16 MHz
7RS109N66A20A R3000A NONE 64K 64K 20 MHz
7RS107N66A25A R3000A NONE 64K 64K 25 MHz
7RS107N66A33A R3000A NONE 64K 64K 33 MHz
7RS109F66A16A R3000A R3010A 64K 64K 16 MHz
7RS109F66A20A R3000A R3010A 64K 64K 20 MHz
7RS109F66A25A R3000A R3010A 64K 64K 25 MHz
7RS109F66A33A R3000A R3010A 64K 64K 33 MHz
CUSTOM OPTIONS

Some features of the 7RS109 can be modified by special
order. Contact your IDT sales office for details.

Software modifications include:initialization mode forthe  CPU and/or FPA.

R3000, endian option, size of block refill, instruction stream-

ing option.

Manufacturing options include pin length, style, and plat-
ing; special marking; additionalburn-in, and socketing of the
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PLUG COMPATIBLE FAMILY OF IDT7RS110
R3000 CPU MODULES

Integrated Device Technology, Inc.

FEATURES: R3000 MODULE FOR GENERAL USE IN
+ Choice of Cache Sizes: 321 and D or 32K | and SMALL SYSTEMS:
16K D The IDT7RS110 is a complete reduced instruction set

computer (RISC) SubSystem, based on the MIPS R3000

* Small size: 2.9" x 4.1 RISC processor, and supplied on a small fully-tested high-

- Processor Speeds up to 33 MHz density plug-in module. There are two versions of the
module. One version contains 32 Kbytes each of data and
- Optional R3010 Floating Point Accelerator instruction cache memory, and the other 32 Kbytes of
instruction and 16 Kbytes of data cache. Both include an
« Single word Read and Write Buffers R3000 Instruction Set CPU, a single word read buffer, a

single word write buffer and, optionally, the R3010 Floating
Point Accelerator.

Cache misses are handled with single word read re-
quests to memory, providing a simple interface to any type
of main memory system.

The module is constructed using surface mount devices
on a two-sided epoxy laminate board, and is connected to
the user’s system via six rows of 36 pins each.

- On-Board Clock, Reset, and Parity Logic

» 100% burn-in and functional test at rated speed
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IDT7RS110
R3000 RISC CPU MODULE

PRODUCT BRIEF

ARCHITECTURAL HIGHLIGHTS

Interchangeable Performance Options

The 7RS110 is available in two cache size choices and in
avariety of speed selections. Allversions plugintothe same
footprint, creating a simple way to offer price/performance
selections for RISC systems.

R3010 Fioating Point Accelerator

The R3010 Floating Point Accelerator (FPA) is included
as an integral part of the module. It operates in conjunction
with the R3000 RISC Processor and greatly improves the
system performance by expanding the instruction set to
include very fast floating point capabilities. All timing and
control connections are onthe module. The R3010 canuse
either INT1 or INT3 to the R3000 (jumper selectable).

On-Board Clock Generation

The 7RS110includes onboard oscillator and delay line to
provide the high speed clocks to the R3000 components.
The R3000 output signal SYSOUT is buffered and four
copies are brought off the board for use as a system clock.

Cache Memory

Cache memory is provided on the module for 32 Kbytes
of instruction cache and either 32K bytes or 16K bytes for
data cache. Memory operations which require main memory
data transfers are conveniently handled by means of on-
board control signals.

Cache read miss operations are handled as single-word
fetch and cache update. Non-cache read operations (such
as I/0 reads) are indicated by control signals.

Address and Data Butfers

The address and data lines coming out of the module are
buffered and can support substantial drive requirements.
The Address Buffer is a bidirectional register, permitting
cache snooping for multiprocessor systems.

The data pins are also driven by bidirectional registers.
Memory write cycles utilize a single-word write bufferon the
module which permits the R3000 Processor to continue
running while data is being written into main memory.

R3000 User Interrupts

Six user interrupt inputs are provided, INT0-INT5. Each
of these is a negative-true signal, terminated witha 10Kohm
pullup load resistor on the module. The pins may be left
unconnected if not used. The interrupt signals are syn-
chronized in a PAL before being applied to the interrupt pins
of the R3000 Processor.
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R3000 RISC CPU MODULE PRODUCT BRIEF

FUNCTIONAL BLOCK DIAGRAM
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IDT7RS110

R3000 RISC CPU MODULE

PRODUCT BRIEF

SIGNALS PROVIDED ON MODULE PINS

Signal Name Type Description

MD00-MD31 o] Registered memory data lines to/from main memory system.

MDP0-MDP3 [l{®] Parity bits for data lines.

MA00-MA31 e} Registered address output from the R3000 when used in a single-processor system. When used in
a multi-processing system the bus is bi-directional.

MACTO-MACT1, ouT Positive-true outputs indicating the states of the R30G0 outputs,

ACCTYP2 ACCTYP(0:2), which identify the nature of the data transactions for read/write cycles. MACT(0:1) are
the registered ACCTYP(0:1) lines.

UINTO#-UINT5# IN Interrupt inputs.

EXTCLK IN External oscillator input (Needed when selecting external clock source).

CLKSEL IN Clock source selector. Should be pulled down to select external clock source.

MRES# IN Negative-true master reset input.

RES# out Negative-true reset output, connects directly to R3000 RES# pin.

SYSOUTA-D ouT Buffered clock outputs for synchronizing external events. Each of these is an identical clock signal,
representing the inverted form of the R3000 output, SYSOUT#.

MEMRD# ouT Direct negative-true output from R3000, used to indicate that a memory read cycle is in progress.

MEMWR# ouT Direct negative-true output from R3000, used to indicate that a memory write cycle is in progress.

RBSY IN Positive-true input used to request a memory read stall initiation and termination. This signal is
normally held in its asserted state and deasserted at the completion of stalls.

WBSY# IN Negative-true input used to request a busy indication for subsequent memory write operations.

CPCo IN Direct inputto the R3000, used to indicate the size of the data (block, word, byte, or other) for memory
read cycles.

CPC1 out Connection between the R3000 Processcr and the R3010 FPA, indicating the status of the conditional
branch. This pin is provided for diagnostic purposes, only.

CPC2, CPC3 1{e] Direct connections to R3000 pins. .

EXC# ouT Direct output from R3000, indicating the EXC# signal between the R3000 and the R3010.

BERR# IN Negative-true input to R3000, used to indicate a bus error in main memory.

FPA# out Negative-true output for R3010, indicating the presence of R3010 FPA on the module.

FPINT# ouT Negative-true R3010 interrupt request. Connected on-board to INT1# or INT3# ( jumper selectable).

RCOND(0:3) IN Reset condition linés. Used to select a reset vectors set from a given choices.

WPERR ouT Positive-true output used to indicate data parity error while write to memory operation.

RPERR ouT Positive-true output used to indicate data parity error while read from memory operation.

RDEN# IN Negative-true input used to latch data from the main memory bus in the read/write buffers.

WRCTL# IN Negative-true input used to latch data from the R3000 CPU in the read/write buffers.

WOE# IN Negative-true input used to write data from the readAwrite buffers to the main memory.

AEN# IN Negative-true input used to latch the R3000 address in the address buffers.

AOE# IN Negative-true input used to enable the output of the R3000 address from the address buffers to the
main memory bus.

EXAEN# IN Negative-true input used to latch an external address in the address buffers.

EXAOE# IN Negative-true input used to enable the output of the external address from the address buffers to the
R3000/cache bus.
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IDT7RS110
R3000 RISC CPU MODULE

PRODUCT BRIEF

RELATED PRODUCTS

Prototyping System

The 7RS110 module can be placed into immediate ser-
vice using our flexible 7RS310 Prototyping Platform. The
systemincludes two boards: a general purpose CPU board,
and a personality card that interfaces the module to the CPU
board.

The CPU board contains 1Mb of main memory, 256K of
EPROM, two RS232 serial ports, an 8254 counter/timer,
and an 8-bit parallel port accessible through a dual port
RAM. Four 50-pin connectors provide access to all the
address, data, and control signals for external connection to
additional hardware on, for example, a wire-wrap board.

The system includes IDT's IDT/sim System Integration
Manager, which provides facilities for downloading code,
examining memory, and stepping through programs.

The personality card is on a separate board, and provides
a bed for the module, necessary contro! signals, and con-
nectors for an HP 16500 Logic Analyzer. )

Code for the R3000 can be created on a MIPS develop-
ment system, on IDT’s MacStation™ system, orusing IDT's
Multi-Host cross assembler and compiler products, available
for a variety of machines. Assembled code can be down-
loaded into the Prototyping Systemfor execution and debug.

Module Prototyping Platform.
The card on the left is the personality card with a module; the card on the right is the general purpose CPU.
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IDT7RS110

R3000 RISC CPU MODULE PRODUCT BRIEF
ORDERING INFORMATION

Ordering Part Number CPU FPA l-cache D-cache Speed Other

7RS110NS5A16A R3000A R3010/A 32K 32K 16 MHz

7RS110N55A20A R3000A R3010/A 32K . 32K 20 MHz

7RS110N55A25A R3000A R3010/A 32K 32K 25 MHz

7RS110N55A33A R3000A R3010/A 32K 32K 33 MHz

7RS110F55A16A R3000A R3010/A 32K 32K 16 MHz

7RS110F55A20A R3000A R3010/A 32K 32K 20 MHz

7RS110F55A25A R3000A R3010/A 32K 32K 25 MHz

7RS110F55A33A R3000A R3010/A 32K 32K 33 MHz

7RS110NS4A16A R3001 R3010/A 32K 16K 16 MHz

7RS110N54A20A R3001 R3010/A 32K 16K 20 MHz

7RS110N54A25A R3001 R3010/A 32K 16K 25 MHz

7RS110N54A33A R3001 R3010/A 32K 16K 33 MHz

7RS110F54A16A R3001 R3010/A 32K 16K 16 MHz

7RS110F54A20A R3001 R3010/A 32K 16K 20 MHz

7RS110F54A25A R3001 R3010/A 32K 16K 25 MHz

ADDITIONAL INFORMATION

For more details on the 7RS110 module, refer to the 7RS110 Technical Specification and User's Manual.
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RISC DEVELOPMENT SUPPORT

The R3000 RISC processors are blessed with the most
powerful software development tools available for any ma-
chine. The MIPS workstation and server products make it
possible to have many users on a weil-controlled UNIX
software development, executing and debugging code on
native systems. |IDT, as a MIPS partner, is an authorized
reseller of these systems and the software support products
that go with them.

Additionally, IDT has developed its own hardware and
software development products which are more closely tuned
with the needs of the small system or embedded control
system designer. These include a low-cost, single-user
R3000 workstation built around a Macintosh computer (the
"MacStation"), and a variety of hardware prototyping tools.

For compiling C language programs, there is no better
compiler anywhere than the MIPS C-compiler. The compiler

and the CPU architecture were designed together to produce
the highest performance possible running compiled C pro-
grams. Other languages, such as ADA and FORTRAN, are
also supported on the MIPS systems. |DT's MacStation can
be used to run the MIPS C-compiler as well.

IDT has independently developed amulti-platform cross C-
compiler for the R3000 architecture. It is currently hosted on
seven different platforms, including the ubiquitous 286 PC
running MS-DOS. Although slightly less efficient than the
MIPS C-compiler, it offers the advantages of readily available,
inexpensive hosts and an integrated floating point library.

As with any other widely used processor, many support
products have been developed by independent companies.
These include ICE systems, Logic Analyzers and more. A
partial list of third party suppliers isincluded at the end of
this section.
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IDT RISC

Integrated Device Technology, Inc.

DEVELOPMENT HOST SYSTEMS

PRODUCT
OVERVIEW
RC32xx

FEATURES:

Based on Very High Performance MIPS® RISC

Technology

Binary compatibility across the complete line of MIPS

RISComputers™, RISCstations™ and the IDT

MacStation™ family

Native Development Environment for MIPS ISA CPUs

RISC/os™ MIPS SVID compliant UNIX® operating

system with System V and BSD converged

World class optimizing compilers including C, Pascal,

ADA, PL/1, FORTRAN, COBOL

Networking standards such as TCP/IP and NFS™ for

connections to SUN, DEC, and other equipment

X Terminal support via RISCwindows™

Source level symbolic debugging

Supports a wide range of development tools

— System Programmer's Package

— IDT floating point library

— IDT System Integration Manager

— Cache-2000 and Cache-3051 TargetSystem™
modeling tools for performance projections

MIPS host platforms include:

— RC 3230/Magnum 3000 desktop workstation family

— RC 3240 deskside server family

— RC 3260 pedestal departmental server

DESCRIPTION:

This data sheet contains an overview of some of the tools
and support available when developing microprocessorbased
systems using the MIPS development host platforms. These
systems provide an easy-to-use, robust environment for the
hardware and software development of today's high-perfor-
mance RISC based systems, and greatly reduce the time and
effort required to bring an application to market.

As in any development environment, ongoing enhance-
ments are made to enrich the tool set. Detailed information
on current products and enhancements, new tools, and third-
party support products is available from your local IDT sales
representative.

MIPS DEVELOPMENT SYSTEMS
CHARACTERISTICS

MIPS' Development Systems, available from IDT, provide
a large tool box when developing software and designing
hardware architectures for any of the MIPS ISA CPUs. Based
onthe UNIX®operating system, RISC/os™ is SVID compliant,
converging BSD and System V. Because RISC/os™ is a
multiuser, muiti-tasking operating system, many users can be

MIPS, RISComputer, RISCStation, RISCwindows, and RISC/os are trademarks of MIPS Comptter Systems, Inc. UNIX Is a registered trademark of ATA&T.
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active onthe host atthe same time and each user may initiate
multiple tasks. These include simple multi-tasking capabilities
from print spooling —the ability to queue listings to print while
still compiling or editing— to more than 200 users all compil-
ing, editing, linking, etc.

User protection indigenous to UNIX®, easily managed by
the System Administrator, is a huge asset in developing,
testing and maintaining systems software. Configuration
Management, the job of software management, is much
easier with these user isolation capabilities. For example,
each user canbelong to a group which is developing a certain
section of the project. As a user builds and tests a subpro-
gram, he submits that tested unit to Configuration Manage-
ment for archive. The librarian can give other users access,
but they cannot modify the code. This enforces coding rules
as code is reviewed before it is accepted. The style may seem
restrictive, but has many benefits: it ensures reliable code in
the library, enforces testing procedures, and keeps code
stable.

Many features of standard UNIX® operating systems ease
the burden of program development. VI, the screen editor,
(instead of a line editor), is a simple and powerful text editor
that can be used for program entry. It has all the standard text
editor features, plus an array of advanced capabilities for the
experienced programmer. Saving and backing up important
files is easily achieved by use of the TAR command. TAR,
used for streaming tape backup, lists directories ontapes, can
extract files from tapes, compare them, and manipulate them
easily. Lastly, the Makefile command helps compile and link
many subprograms easily. It is a simple list of all the files you
need to compile and then link together. If during the debug
process one subprogram is modified, invoking Makefile will
find the single subprogram that has to be compiled again (by
time/date stamps) and then relink automatically.

The CPU bandwidth required to be efficient at doing
multitasking is well beyond the capability of today's medium
range PC or Macintosh™ computers. Many advances in
personal computer technology have stretched these single

user architectures into multiuser domains, but to reduce the BB

latency when adapting these systems requires more raw
MIPS. These MIPS development hosts are thus ideal for the
medium to large scale development team required for today's
high-performance RISC-based applications.

CONNECTIVITY

The MIPS Development Platforms have been designed to
easily integrate into existing computer environments. In most
cases, these platforms easily integrate and allow the users to
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access the system through their existing terminals,
createsource files with existing terminals for download, com-
pite and link, or more extensively use the systems file and
printer resources. Solutions to a wide variety of integration
goals and computing environments are readily available as
parts of the MIPS Development platforms.

RS-232 Connections

Thesimplest method to interface to the MIPS Development
Platform is to attach RS232 terminals directly. There are
typically a number of direct connections, including Comm O for
the system console (where the system is booted and system
administration functions are often performed). These terminal
ports allow a number of different RS-232 devices to be
connected to the host system, including IBM compatible PCs
running terminal emulation software or modem connections
for telephone dialup. BAUD rates, parity, and other communi-
cation protoco! information are easily configured.

Network Connections and X-Terminals

MIPS development systems are capable of integrating into
all common computer networks, including Ethernet and
DECnet. If the current environment includes thick or thin wire
Ethernet the connection is simple, since MIPS systems sup-
port NFS-Network File System. NFS™ handles file transfers
across a network, making all of the file resources of the
network appear as if they belong in each system on the
network. Since TCP/IP runs on the system, Ethernet file
transfer and file sharing is transparent. This allows MIPS'
systems to easily connect to DECstations, Sun workstations,
and any other Ethernet system using these conventions.
Using Ethernet, X Terminal support is provided by
RISCwindows™ . This is a MIPS native implementation of the
standard X Window System™ combined with OSF Motif™.
Alternately, the RISComm software package can be used to
integrate the MIPS host into the DECnet computer network.

PC Compatible Connections

IBM PCs or compatibles can be connected directly through
RS232 or Ethernet. For RS232 connections, a simple terminal
emulator like Procomm Plus works well. The programmercan
create source code using DOS applications and then transfer
it to the MIPS platform using the Kermit protocol inside of
Procomm Plus. Alternatively, the programmer can share files
inthe PC and the system by using products from Novell. They
provide a software tool that runs in both systems allowing the
user to compile files that exist on the PC, or run application
programs on the PC and use the file system on the MIPS'
platform transparently.

Macintosh

Several solutions are available to utilize existing Macintosh
equipment. uShare™ provides a communication network
between the Apple Macintosh and MIPS platforms. Once in
place, it provides Mac users with server capabilities, elec-
tronic mail, print spooling, data backup, and terminal emula-
tion allowing interactive work. This environment allows pro-
grammers to create code on the Mac using standard word
processing applications, then transfer the file to the MIPS

platform for compile and test. Caymen makes The Gator Box,
which provides a gateway or bridge from Apple-Talk to the
MIPS platform. Disk sharing and file sharing are capable with
this tool as well.

IBM Mainframes

SNA 3270 allows RISC/os™ users to connect to IBM and
others using SNA® protocol. Using the SNA 3270 software,
the MIPS platform looks like an IBM terminal using any
standard UNIX® terminal, eliminating the need for actual IBM
terminals and printers. Support for standard IBM file transfer
protocol for downloading and print spooling is possible with
the session manager.

MIPS OPTIMIZING COMPILERS

A very important aspect of performance and development
ease is the compiler technology. Fortunately, this is a funda-
mental strength of MIPS.

The MIPS instruction set and compiler technology were co-
developed before any silicon was architected. Man years
were expended developing, tuning, and testing the instruction
set and the ability of compiler technology to generate efficient
object code from high-level languages. After this rigorous
analysis, the silicon tradeoffs were made. The resultis a chip
and compiler toolset designed to work with each other; this is
dramatically different from traditional CPU/compiler develop-
ment, where a chip manufacturer designs a chip and then
expects compiler writers to "do their best with it".

MIPS optimizing compiier technology, widely regarded as
the bestinthe industry, is based on mathematical models that
work 100% of the time. This is substantially better than the
"portable compiler" technology used for many other proces-
sors, whichfrequently uses heuristic rules for optimization that
may not result in as robust operation. Today, five levels of
compiler optimization are available. Each individual level
further optimizes code size or execution speed. Local opti-
mizations include: Optimal Calling Sequences, Branch to
Branch Optimizations, Local Common Subexpression,
Schedule FP Units, Pipeline Scheduling, Constant Folding,
and Code Selection. Global optimizations, which optimize
across procedure boundaries include: Moving invariant code
out of loops, Strength Reduction, Register Assignment, Glo-
bal Common Subexpression, Shrinkwrapping, Inter-procedural
